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57) ABSTRACT 

Methods for covalent attachment of oligonucleotides to solid 
supports such that substantially all of the oligonucleotides 
are attached via their 5'-ends are provided. The solid sup 
ports with attached oligonucleotides are produced. Thiol 
oligonucleotides are attached to bromoacetyl-derivatized 
polyacrylamide supports, or conversely, bromoacetyl-oligo 
nucleotides are immobilized on thiol-polyacrylamide sup 
ports. In a further aspect, bromoacetyl-derivatized oligo 
nucleotides, and polyacrylamide supports with linked 
oligonucleotides produced by coupling bromoacetyl-deriva 
tized oligonucleotides with thiol-derivatized polyacrylamide 
solid supports or by coupling thiol-derivatized oligonucle 
otides with bromoacetyl-derivatized polyacrylamide sup 
ports as well as methods for capture of nucleic acids by 
oligonucleotides attached to polyacrylamide solid supports, 
either by direct capture or in sandwich hybridization formats 
are provided. 
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1. 

END-ATTACHMENT OF 
OLGONUCLEOTDESTO 

POLYACRYLAMDE SOLID SUPPORTS FOR 
CAPTURE AND DETECTION OF NUCLEC 

ACDS 

This application is a continuation-in-part of U.S. appli 
cation Ser. No. 07/293,893, entitled “END-ATTACHMENT 
OF OLIGONUCLEOTIDES TO POLYACRYLAMIDE 
SOLID SUPPORTS FOR CAPTURE AND DETECTION 
OF NUCLEICACIDS,”, filed Jan.5, 1989, by Ghosh et al., 
U.S. Pat. No. 5,237,016. The subject matter of U.S. appli 
cation Ser. No. 07/293,893 is hereby incorporated by refer 
ence in its entirety. 

FIELD OF THE INVENTION 

The present invention generally relates to the chemistry of 
the attachment of oligonucleotides to solid supports. More 
particularly, solid supports with oligonucleotides linked to 
the supports via their 5'-ends for capture and detection of 
nucleic acids, including single- and double-stranded DNA 
and RNA targets, are provided. 

BACKGROUND OF THE INVENTION 

It is often desirable to detect or quantify very small 
concentrations of nucleic acids in biological samples. Typi 
cally, to perform such measurements, the nucleic acid in the 
sample (i.e., the target nucleic acid) is hybridized to a 
detection oligonucleotide that contains at least ten contigu 
ous nucleotides that are homologous to a portion of the 
target nucleic acid in the sample. In order to obtain a 
detectable signal proportional to the concentration of the 
target nucleic acid, either the target nucleic acid in the 
sample or the detection oligonucleotide is associated with a 
signal generating reporter element, such as a radioactive 
atom, a chromogenic or fluorogenic molecule, or an enzyme 
(such as alkaline phosphatase) that catalyzes a reaction that 
produces a detectable product. Numerous methods are avail 
able for detecting and quantifying the signal. 

Following hybridization of a detection oligonucleotide 
with a target, the resulting signal-generating hybrid mol 
ecules must be separated from unreacted target and detection 
oligonucleotides. In order to do so, many of the commonly 
used methods immobilize the target nucleic acids or detec 
tion oligonucleotides on solid supports. This permits frac 
tionation and identification of the hybridized nucleic acids. 
The target nucleic acid may be captured by oligonucleotides 
immobilized on solid supports. More frequently, so-called 
"sandwich" hybridization systems are used. These systems 
employ capture oligonucleotide covalently attached to a 
solid support for capturing detection oligonucleotide-target 
nucleic acid adducts formed in solution. Solid supports with 
linked oligonucleotides may also be used in methods of 
affinity purification. 

Presently available solid supports to which oligonucle 
otides are linked include nitrocellulose or nylon membranes, 
activated agarose supports, or diazotized cellulose supports. 
Oligonucleotides containing an aldehyde or carboxylic acid 
group at the 5'-terminus have been covalently attached to 
non-porous polystyrene latex solid microspheres (Kremsky 
et al. (1987) Nucl. Acids Res. 15:2891). Although this 
method provides good end-attachment results, it is disad 
vantageous in that, at the end of the coupling reaction, 
non-covalently bound oligonucleotide must be removed by 
a tedious gel electrophoresis step. The presently available 
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2 
supports with attached oligonucleotides, however, have sev 
eral other disadvantages in practice. Either the bonds 
between these supports and the oligonucleotides are not 
covalent, which allows release of the oligonucleotides from 
the support, or the supports have other shortcomings. For 
example, N-hydroxysuccinimide or cyanogen bromide acti 
vated polysaccharide affinity supports have a serious draw 
back in the leakage of ligands. This not only leads to 
misleading results but, even more importantly, poses health 
hazards when immunoaffinity-purified products produced by 
recombinant DNA synthesis are complexed with mouse 
monoclonal antibodies (see e.g., Wilchek et al. (1987) 
Biochemistry 26:2155 and Wilchek et al. (1975) Proc. Natl. 
Acad. Sci. USA 72:1055). Leakage of ligands from solid 
supports can also interfere with affinity purification. If the 
free ligand that leaks from the support is more effective as 
a binder than the insolubilized ligand, the free ligand will 
bind the target macromolecule essentially irreversibly, and 
prevent affinity adsorption to the support. Further, cyanogen 
bromide activation of polysaccharide supports leads to the 
formation of N-substituted isoureas on the surface of the 
matrix. These confer undesirable ion exchange properties on 
the support, which become problematic in affinity chroma 
tography, when analytes, such as nucleic acids, are present 
in very minute concentrations. 

Solid supports with linked oligonucleotides are also used 
in bead-based sandwich hybridization system (BBSHS) 
(see, e.g., EP276,302 and Gingeras et al. (1989) Proc. Natl. 
Acad. Sci., USA 86:1173). According to this method, target 
nucleic acid and an oligonucleotide probe used for its 
detection, which is complementary to at least a region of the 
target, are hybridized. The obtained adduct is then captured 
by a second oligonucleotide that is complementary to a 
different region of the target and is end-attached to a solid 
support. The amount of the detection oligonucleotide asso 
ciated with the solid support is directly related to the amount 
of the target captured. In this way, the BBSHS can be used 
to determine the amount of a single-stranded nucleic acid in 
a sample. Such assays typically use radioactively (e.g., 'P) 
labeled cloned DNA or synthetic oligonucleotides. 
The potential sensitivity of assays that use support-bound 

oligonucleotides is a function of numerous parameters, 
including the level of non-specific background. In the pres 
ence of target, the non-specific background can result from 
various factors, including (1) hybridization of the detection 
and capture oligonucleotide to non-complementary 
sequences of the target nucleic acid; (2) hybridization of the 
detection oligonucleotide to the capture oligonucleotide; and 
(3) non-specific attachment of the detection oligonucleotide 
to the bead support or walls of the reaction vessel. The first 
two factors can be minimized by sufficiently stringent solu 
tion hybridization, capture, and wash conditions. The third 
factor (i.e., non-specific binding, including the percentage of 
oligonucleotides that are end-attached) appears to be an 
inherent property of the support and detections system used. 
In case of the conventionally used solid supports, particu 
larly SephacrylTM dextran beads, the percentage of oligo 
nucleotides that are end-attached to the support is relatively 
low, about 50-55% (see, e.g., Ghosh et al. (1987) Nucl. 
Acids Res. 15:5353). A higher degree of end-attachment, 
however, is highly desirable because it would be result in 
greater capture potential of the immobilized oligonucleotide 
probe that would improve the sensitivity of assays in which 
such supports are used. Methods for improving the percent 
age of end-attachment and decreasing the level of non 
specific attachment of the detection oligonucleotide to the 
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bead support or walls of the reaction vessel are not presently 
available. 

Therefore, it is an object herein to provide a method for 
preparing solid supports in which a substantial portion of the 
attached oligonucleotides are attached via their 5'-ends. It is 
also an object herein to provide solid supports in which a 
substantial portion of the attached oligonucleotides are 
attached via their 5'-ends. 

SUMMARY OF THE INVENTION 

Polyacrylamide supports with linked oligonucleotides 
such that a high percentage of the oligonucleotides are 
linked through their 5'-terminal phosphate group via a 
thioether linkage to the support are provided. Methods for 
preparing the polyacrylamide supports with oligonucle 
otides linked to the supports via a thioether linkage at their 
5'-ends are also provided. The methods provide a means for 
covalent attachment of oligonucleotides to solid supports 
Such that a high percentage, typically more than about 60%, 
preferably at least about 90%, and more preferably at least 
about 95%, of the attached oligonucleotides are attached to 
the supports via covalent thioether bonds at their 5'-ends. In 
practicing the methods, a thiol-derivatized oligonucleotide is 
reacted with a reactive carbon center-derivatized polyacry 
lamide support (e.g., bromoacetyl-derivatized polyacryla 
mide support), or conversely, a reactive carbon center 
derivatized oligonucleotide (e.g., a bromoacetyl 
oligonucleotide) is reacted with thiol-derivatized 
polyacrylamide Support to produce a polyacrylamide sup 
port with 5'-end attached oligonucleotides. Thus, two gen 
eral methods for preparation of the supports with linked 
oligonucleotides are provided. Both general methods pro 
vide a means for 5'-end attachment of greater than about 
60%, preferably at least about 90%, and more preferably at 
least about 95%, of the oligonucleotides attached to the 
polyacrylamide solid supports. This results in immobilized 
oligonucleotides that exhibit superior direct capture ability 
for complementary oligonucleotides, double stranded DNA, 
and sandwich hybridization. 

According to one general method, thiol-derivatized oli 
gonucleotides are coupled with an active carbon center 
derivatized polyacrylamide solid support (e.g., bromoacetyl 
derivatized polyacrylamide solid support). Thiol 
oligonucleotides can be prepared as described herein and by 
methods known to those of skill in the art (see, e.g., Li et al. 
(1987) Nucl. Acids Res. 15:5275; Chu et al. (1988) Nucl. 
Acids Res. 16:3671; see also references cited in Goodchild 
(1990) Bioconjugate Chemistry 1:165-186, 172). 

According to the other general method, active carbon 
center-derivatized oligonucleotides (e.g., bromoacetyl oli 
gonucleotides) are coupled with thiol-derivatized polyacry 
lamide solid support. Active carbon center-derivatized oli 
gonucleotides and methods for preparation of such 
oligonucleotides are also provided. 
The appropriately derivatized polyacrylamide supports 

may be prepared as described herein or by methods known 
to those of skill in the art. Polyacrylamide-based matrices, 
generally in the form of beads, are commercially available 
in a wide range of pore sizes, and are used routinely, for 
example, in affinity chromatography. Polyacrylamide sup 
ports with high exclusion limits are preferably employed. 
Preferably, the polyacrylamide support has an exclusion 
limit greater than about 2000 daltons, more preferably at 
least 400,000 daltons, and most preferably at least about 
2x10 daltons. 
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4 
Methods for chemical derivatization of these cross-linked 

polyacrylamide beads for use in affinity chromatography are 
known to those of skill in the art (see, e.g., Inman (1974) 
Meth. Enzymol. 34(B):30) and may be adapted as described 
herein for use in the methods. Hydrazide derivatives of 
cross-linked polyacrylamide, which serve as starting mate 
rials for the preparation of the other derivatives described 
herein, can be conveniently prepared by reacting the primary 
amide groups of the polyacrylamide support with hydrazine 
or, more generally, with alkyldiamines of the general for 
mula HN(CH2)NH where a is 0 (for hydrazine) or 2 to 
about 20 (see, Inman (1974) Meth. Enzymol. 34(B):30; 
Inman et al. (1969) Biochem. 8(10):4074). For example, 
bromoacetyl-derivatized polyacrylamide matrices can be 
obtained by reacting the polyacrylamide-hydrazide deriva 
tives with N-hydroxysuccinimide ester of bromoacetic acid, 
in a manner analogous to the reaction described by Berna 
towicz et al. ((1986) Anal. Biochem. 155:95). 
When using either coupling strategy, non-specific adsorp 

tion of the negatively charged nucleic acids to the polyacry 
lamide can be reduced by converting the residual function 
alities of the solid supports (which do not participate in the 
coupling reaction) into other anionic groups, such as, but not 
limited to, carboxylic acid and trinitrophenyl groups. The 
resulting supports with mixed functionalities are particularly 
preferred. In preferred embodiments, the supports are first 
derivatized with hydrazine or alkyldiamines to produce an 
intermediate that may be used to produce either thiol 
derivatized or active carbon center-derivatized supports. 
Thiol-derivatized supports also may be prepared by the 
coupling of the carboxyl groups with cystamine, followed 
by reduction with excess dithiothreitol (DTT). 

Methods for capture of nucleic acids using the oligonucle 
otides attached to the polyacrylamide solid supports pro 
vided herein, either by direct capture or in sandwich hybrid 
ization formats are also provided. 

In addition to methods provided above, all associated 
means for accomplishing such methods and preparing such 
products are contemplated. These means include (1) meth 
ods for preparation and purification of the detection and 
capture oligonucleotides, including synthesis or isolation 
from a natural source via restriction cleavage and subse 
quent purification; (2) preparation of oligonucleotide-signal 
elements or adducts (e.g., radioactive atom, enzyme, fluo 
rescent, or chemiluminescent tags, mercury-based detectors, 
etc.) for use in hybridization with the target nucleic acids; 
and (3) hybridization techniques for hybridizing the target 
nucleic acid to the detection (and capture) oligonucleotide. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates the synthesis of bromoacetyl- (Reaction 
A) and sulfhydryl-containing (Reaction B) Bio-GelTM poly 
acrylamide supports. 

FIG. 2 shows the synthetic route of thiol-oligonucleotides 
and their coupling to bromoacetyl-derivatized Bio-GelTM 
polyacrylamide supports. (The residual hydrazide groups are 
converted to carboxyl groups to lower non-specific binding.) 

FIG. 3 is a reaction chart of the synthesis of bromoacetyl 
oligonucleotides. 

FIG. 4 shows the acylation of thiol-derivatized Bio-GelTM 
polyacrylamide supports and the use of the polyacrylamide 
matrices with mixed functionalities in coupling with bro 
moacetyl oligonucleotides. 

FIG. 5 is a synthetic scheme for the preparation of 
TrisacrylTM polyacrylamide-SH supports. 
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FIG. 6 shows the acylation of thiol-derivatized 
TrisacrylTM polyacrylamide supports and the use of the 
products with mixed functionalities in coupling with bro 
moacetyl oligonucleotides. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Unless defined otherwise, all technical and scientific 
terms used herein have the same meaning as is commonly 
understood by one of skill in the art to which this invention 
belongs. All publications mentioned herein are hereby incor 
porated by reference. All U.S. patents mentioned herein are 
hereby incorporated in their entirety by reference. 
As used herein, in describing the process of linkage 

between oligonucleotides and polyacrylamide supports, the 
terms "attachment", "coupling", "tether", "binding", and 
"immobilization” are used interchangeably and refer to 
covalent linkage of oligonucleotides to the polyacrylamide 
supports. 
As used herein, the term "detection oligonucleotide' or 

grammatical variations thereof refers to a nucleic acid (RNA 
or DNA) sequence (isolated from a natural source, syntheti 
cally produced, or a product of restriction digest) and 
carrying a reporter label that has sufficient complementarity 
with a target nucleic acid sequence such that under suitable 
conditions it is capable of hybridizing with said target 
Sequence. 

As used herein, the term "capture oligonucleotide' refers 
to a nucleic acid (RNA or DNA) fragment (isolated from a 
natural source, synthetically produced, or a product of 
restriction digest) that is attached to a polyacrylamide sup 
port, preferably substantially at its 5'-end, and that has 
sufficient complementarity with a target nucleic acid 
sequence (different from the sequence hybridized to the 
detection oligonucleotide) such that under selected condi 
tions it forms stable hybrids with the target sequence. 
Typical detection and capture oligonucleotides are about 12 
to 200 nucleotides, preferably about 15 to 40 nucleotides, in 
length and usually share at least about 12 bp, preferably 
about 25 bp, complementarity with the target nucleic acid 
Sequence. 

As used herein, "polyacrylamide supports' or "solid 
supports' are cross-linked polyacrylamide matrices that are 
commercially available in a wide range of pore sizes. 
Typical representatives of such matrices are "Bio-GelTM 
polyacrylamide" beads, manufactured by Bio-Rad (USA) 
that are further categorized according to their exclusion 
volumes. The molecular weight exclusion limits of Bio 
GelTM polyacrylamide P-2, Bio-GelTMP-10, Bio-GelTM P-60 
and Bio-GelTM P-200 are 2000, 10000, 60000 and 200000 
daltons, respectively. Bio-GelTM polyacrylamide beads are 
exemplified herein, but any polyacrylamide supports, 
including those in which certain groups, such as the amide 
groups are substituted, may also be used. Other such poly 
acrylamide supports include, but are not limited to, 
TrisacrylTM polyacrylamide GF-200 (IBF Biotechnics, 
USA), which is produced by copolymerization of N-acry 
loyl-2-amino-2-hydroxymethyl-1,3-propane diol and has an 
exclusion limit of 2x10 daltons. In this resin the secondary 
amides contain 2-hydroxymethyl-1,3-propane diol substitu 
ents, each of its repeating units containing three hydroxym 
ethyl groups and one secondary amide group. Consequently, 
this polymer is more hydrophilic in character than the 
Bio-GelTM polyacrylamide resins. 
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6 
As used herein, the term "reactive carbon center group” or 

"RCC group” refers to a group having a thiolphilic carbon 
atom which preferentially reacts with a thiol group as 
compared to other functional groups that are also present in 
the reaction mixture, including the amine and hydroxyl 
groups on either the polyacrylamide support, oligonucle 
otide or the solution in which the supports and oligonucle 
otides are dissolved or suspended. 
As used herein, the term "leaving group' refers to a group, 

including, but not limited to, halogens (i.e., Br, CI, I) or 
pseudo-halogens (e.g., -C=N and -N=N), which, in 
the presence of a strong nucleophile, readily breaks away 
from a carbon atom to produce a reactive carbon center. 
As used herein, the "thiol group' refers to a group 

containing a nucleophilic thiol moiety that is readily able to 
react, via a coupling type reaction, with a reactive carbon 
center to form a thioether bond. 
As used in the formulas herein, the term "support” refers 

to polyacrylamide resin or polyacrylamide support, which 
contains repeating carboxamide groups. The repeating car 
boxamide groups are preferably of the general formula I: 

(I) 

CH-C-NRH 

wherein the heavy lines represent the polyacrylamide back 
bone and R is a hydrogen atom or an alkyl group containing 
1 to 6 carbon atoms. R may, therefore, be hydrogen or a 
linear or branched hydrocarbon group. Preferably, R is 
hydrogen or -CH(CHOH). Throughout this specification, 
unless indicated otherwise, heavy lines for chemical bonds 
(as shown in formula I) are intended to represent the 
polyacrylamide backbone. 
As used herein, "oligonucleotide' refers to an oligomeric 

nucleic acid as opposed to a monomeric or polymeric 
nucleic acid. Oligonucleotides are nucleic acids including 
both single and double stranded RNA and DNA molecules 
that may be isolated from a natural source, may be synthe 
sized or produced by restriction digest. One of skill in the art 
will recognize that longer oligonucleotides can be substi 
tuted for those which have been specifically exemplified 
herein, and the longer oligonucleotides will retain their 
ability to attach via thioether linkage such that more than 
60%, preferably more than about 90%, and most preferably 
at least about 95%, are covalently attached via their 5'-ends. 
Typical oligonucleotides are 10-200 nucleotide bases long, 
but they may be substantially longer or they may be slightly 
shorter, depending upon the circumstances in which they are 
used. It is herein noted that the ability to link oligonucle 
otides via their 5'-ends to polyacrylamide support is not 
substantially influenced by sequence or length, but rather 
relies on the reactivity of the terminally linked thiol or 
reactive carbon center of the derivatized oligonucleotide for 
the derivatized support. 
The term "TAS" is used to refer to the transcription 

amplification system disclosed in the co-pending U.S. appli 
cation Ser. No. 07/202,978, which is a continuing applica 
tion of U.S. application Ser. No. 07/064,141. This method 
involves using oligonucleotides to prime the synthesis of a 
double-stranded DNA copy (cDNA) of the target DNA or 
RNA sequence. In an embodiment of TAS, one of the 
oligonucleotides, primer A contains, within its sequence, the 
T7 RNA polymerase promoter binding sequence (PBS) 
attached to sequences complementary to the target sequence 
(TCS). Elongation from this primer by reverse transcriptase 
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results in the generation of a single-stranded cDNA contain 
ing the T7 promoter at its 5'-end. A second primer oligo 
nucleotide, primer B, is complementary to the first cDNA 
strand at some distance (100-300 bases) downstream of 
primer A. Primer B is used to initiate synthesis of the second 
cDNA strand, producing a double-stranded cDNA with the 
T7 RNA polymerase promoter attached. Incubation of the 
double-stranded cDNA with T7 RNA polymerase and ribo 
nucleotide triphosphate will result in the synthesis of RNA 
transcripts from the cDNA. Additional amplification can be 
achieved by repeating TAS on the newly synthesized RNA. 
As to other aspects of the methods and products provided 

herein, including preparation and purification of oligonucle 
otides, preparation of oligonucleotide-target nucleic acid 
adducts, methods for attachment of oligonucleotides to 
polyacrylamide supports, hybridization methodologies, 
detection and measurement of signals generated by properly 
hybridized nucleic acids, etc., reference is made to standard 
textbooks of molecular biology. See, for example, Maniatis 
et al. (1982) Molecular Cloning: A Laboratory Manual, 
Cold Spring Harbor Laboratory, New York, and the various 
references cited therein; Davis et al. (1986) Basic Methods 
in Molecular Biology, Elsevier Science Publishing, Inc., 
New York; and Hames et al. (1985) "Nucleic Acid Hybrid 
ization', IRL Press. 

Polyacrylamide supports with oligonucleotides that are 
linked at their 5'-termini via a thioether covalent bond are 
provided. The thioether covalent bond is generated by virtue 
of the preferential reaction of a nucleophilic thiol group with 
a thiolphilic reactive carbon center group. These groups are 
hereinafter referred to collectively as the “reactive 
group(s).' Prior to coupling the oligonucleotides to the 
polyacrylamide supports, a nucleophilic thiol group is linked 
either to the polyacrylamide support or to the oligonucle 
otide and a reactive carbon center group is linked either to 
the polyacrylamide support or to the oligonucleotide. 

1. Preparation of derivatized polyacrylamide supports 
The polyacrylamide supports selected are those that, 

when derivatized with thiol groups or reactive carbon center 
groups and reacted with derivatized oligonucleotides, as 
described herein, more than about 60%, preferably at least 
90%, and most preferably at least about 95%, of the oligo 
nucleotides are bound to the support via thioether linkages 
at their 5'-ends. To prepare derivatized polyacrylamide sup 
ports, the primary amide groups of the polyacrylamide 
supports are at least partially converted into reactive carbon 
center groups or thiol groups prior to the attachment to the 
oligonucleotides. In preferred embodiments, the reactive 
carbon center derivatives and thiol derivatives are generated 
from hydrazide-derivatized supports. 

Since the conversion of hydrazide supports into reactive 
carbon center-containing derivatives or thiol derivatives is 
not quantitative, the unconverted hydrazide functionalities 
are available for further derivatization; thus, if desired, they 
can be further converted into other groups, such as carboxyl, 
trinitrophenol, and similar groups. All of such derivatives 
are contemplated for used herein. It should be noted that, 
although the reactive carbon center- and thiol-derivatized 
polyacrylamide supports can be prepared from the respec 
tive hydrazide compounds, other synthetic routes, known to 
those of skill in the art, that are suitable for the production 
of polyacrylamide supports with the primary amide groups 
that are at least partially converted into reactive carbon 
center groups or thiol groups (see, e.g., Inman (1974) Meth. 
Enzymol. 34(B):30) may also be used. 
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8 
Before further derivatization, the polyacrylamide matri 

ces, such as Bio-GelTM polyacrylamide beads, are treated 
with hydrazine or alkyldiamines, essentially following the 
procedure of Inman (1974) Meth. Enzymol. 34(B):30) and/ 
or Inman et al. (1969) Biochem, 8(10) 4074). Depending on 
the hydrazine or diamine concentrations, reaction tempera 
tures, and reaction times, hydrazide supports with various 
substitution levels of the hydrazide functionality may be 
obtained. The reaction can be carried out at room tempera 
ture or at higher temperatures (see, Inman (1974) Meth. 
Enzymol. 34(B):30). Hydrazide group densities may be 
measured by the methods known to those of skill in the art 
(see, e.g., Inman (1974) Meth. Enzymol. 34(B):30). Poly 
acrylamide resins with different exclusion limits can be 
employed, the higher exclusion limits being preferred. 
According to a particularly preferred embodiment, polyacry 
lamide supports having large pore sizes, in particular those 
with exclusion limits over 400,000 daltons, most preferably 
about 2x10 daltons, such as TrisacrylTM polyacrylamide GF 
2000 (IBF Biotechnics, USA), are used. 

Although the non-specific binding of 'P)-labeled oligo 
nucleotides was found to be low and not dependent on the 
level of substitution of the hydrazide functionalities on 
hydrazide-derivatized Bio-GelTM polyacrylamide resins, 
hydrazide-derivatized supports did not perform well in bind 
ing experiments with enzyme-oligonucleotide conjugates 
(see, e.g., Table III below), primarily due to increased 
non-specific binding, principally attributed to the enzyme 
component of the conjugate. This problem was thought to be 
eliminated by further derivatization of the supports. 

According to a particularly preferred embodiment, poly 
acrylamide supports with exclusion limits of about 2x10' 
daltons are employed. A typical support from this group is 
TrisacrylTM polyacrylamide GF-2000 (EBF Biotechnics, 
USA). Since, as hereinabove described, the amide hydro 
gens of this polyacrylamide resin are substituted with 2-hy 
droxymethyl-1,3-propane diol groups, before further deriva 
tization, reactive amine groups need to be introduced, for 
example by transamidation with ethylene diamine. This 
reaction is carried out at slightly elevated temperatures, 
preferably at about 90° C. Thiol-derivatives of these sup 
ports are prepared in an analogous manner to the preparation 
of the thiol-derivatized Bio-GelTM polyacrylamide products. 
To reduce electrostatic interactions between the positively 
charged amine groups and the negatively charged oligo 
nucleotide backbone, the residual unreacted amine groups 
on the TrisacrylTM polyacrylamide supports are preferably 
acylated either with glutaric anhydride or succinic anhy 
dride. The substitution level of the sulfhydryl groups on the 
TrisacrylTM polyacrylamide-SH supports, determined by 
titration of the sulfhydryl functionalities with DTNB, is in 
the range of about 10 to about 16 umoles/g. With these 
supports, the coupling efficiencies to bromoacetylated oli 
gonucleotides is about 20%, and the level of end-attachment 
is extremely high (about 97%). The oligonucleotide substi 
tution level of these supports is about 60 pmoles oligonucle 
otide/gram support. 

A. Attachment of Nucleophilic Thiol Groups to Polyacry 
lamide Supports 

Thiol groups for use herein include groups having at least 
one nucleophilic thiol moiety attached to the polyacrylamide 
support, wherein the thiol moiety can react with a reactive 
carbon center attached to an oligonucleotide (as described in 
subsection 1.B below) to form thioether covalent bonds. 
Suitable thiol reactants contain a carbonyl or similar double 
bonded group for reaction with the primary amine group on 
the derivatized support. One preferred thiol reactant is of 
general formula II: 
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S 

r 
(CH2) 

W 

wherein Z is oxygen or NH; c is an integer equal to 1 or 
2 and W is hydrogen or -NHC(=O)R’ where R is an alkyl 
group containing 1 to 6 carbon atoms. Preferably, Z is 
oxygen or NH", c is 1, and W is hydrogen or 
-NHC(=O)CH. See, e.g., Lambert et al. (1983) Biochem. 
22:3913; Lambert et al. (1981) J. Mol. Biol. 149:451. 
Another preferred thiol reactant is of general formula III: 

wherein d is an integer equal to 2 to 6; d is -SR" or 
-C(=O)R" where R" is 2-pyridyl, 3-carboxy-4-nitrophe 
nyl, 5-nitro-2-pyridyl, or similar group and R" is an alkyl 
group having 1 to 6 carbon atoms; and Y is an organic group 
suitable for forming an active ester which will readily react 
with the primary amine on the derivatized support. 
Examples of suitable Y groups include p-nitrophenyl, 
N-succinimidyl, N-sulfosuccinimidyl, and the like. Prefer 
ably, d is 2 to 6; d is -SR" where R" is 2-pyridyl or 
-C(=O)CH; and Y is N-succinimidyl or N-sulfosuccin 
imidyl. Specific examples of suitable thiol reactants of 
formula III include N-succinimidyl-3-(-2-pyridyldithio) 
propionate and N-succinimidyl S-acetyl thioacetate (see, 
e.g., Duncan et al. (1983) Anal. Chem. 132:68; Carlson et al. 
(1978) Biochem. J. 173:723; Gordon et al. (1987) Proc. Nat. 
Acad. Sci. USA 84:308; Gaur et al. (1989) Nucl. Acids Res. 
17(11):4404). 
The thiol groups are attached to the polyacrylamide 

support through the amide groups on the support. The amide 
groups of the polyacrylamide are first reacted with hydrazine 
or alkyldiamines as illustrated in the following reaction: 

wherein R is a hydrogen atom or an alkyl group containing 
1 to 6 carbon atoms and a is an integer equal to 0 or 2 to 20. 
Preferably Rishydrogen and ais 0 or 2 to 6; more preferably 
R is hydrogen and a is 0, 2, or 6. The terminal amine groups 
of the reaction product of Equation 1 are then reacted with 
thiol-containing compounds II and III as illustrated in the 
following Equations 2 and 3: 

S Z. (Eq. 2) 

-> W 

O Z W 
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-continued 

and 

(Eq. 3) 

CH-C-NH(CH2)NH2+Y-O-C-(CH2)4-S-) - Ge. 

wherein a is an integer equal to 0 or 2 to 20; c is 1 or 2; Z 
is oxygen or NH"; W is hydrogen or -NHC(=O)-R' 
where R is an alkyl group having 1 to 6 carbon atoms; d is 
an integer from 2 to 6; d -SR" or -C(=O)R" where R" 
is 2-pyridyl, 3-carboxy-4-nitrophenyl, 5-nitro-2-pyridyl, or 
similar group and R" is an alkyl group having 1 to 6 carbon 
atoms; and Y is an organic group which forms an active ester 
which readily reacts with the primary amine groups in the 
support as shown in Equation 3. 
The thiol derivatized polyacrylamide supports formed in 

Equations 2 and 3 can be reacted with oligonucleotides 
containing a reactive carbon center. If d is -SR" in 
Equation 3, whereby the thiol derivatized support contains a 
disulfide linkage, the disulfide should be reduced to a -SH 
group with a conventional reducing agent (e.g., dithiothrei 
tol) before reacting with a reactive carbon center attached to 
a oligonucleotide. 

B. Attachment of Reactive Carbon Center Groups to 
Polyacrylamide Supports 

Reactive carbon center groups for use herein include 
groups having at least one thiolphilic carbon atom which 
preferentially reacts with thiol groups from the thiol-deriva 
tized oligonucleotides (as described in subsection 2.B 
below) to form thioether covalent bonds. In particular, 
thiolphilic reactive carbon centers include, but are not lim 
ited to, the O-carbon of a carbonyl compound in which the 
O-carbon is substituted with a good leaving group, the 
B-carbon in an O,-unsaturated carbonyl compound (as in, 
for example, a ketone, ester, or amide), and other such 
groups known to those of skill in the art having a carbon 
atom which is highly reactive with a nucleophilic thiol 
group. 

Suitable reactive carbon center reagents include o-halo 
carbonyls of general formula IV 

(IV) 

Y-O-CCH2X 

wherein X is a good leaving group and Y is an organic group 
suitable for forming an active ester which will readily react 
with the primary amine on the derivatized oligonucleotides. 
Examples of good leaving groups include halogens (i.e., Br, 
CI, and I) and pseudo-halogens (i.e., -C=N and -N=N* 
). Examples of suitable Y groups include p-nitrophenyl, 
N-succinimidyl, N-sulfosuccinimidyl, and the like. One 
preferred reactive carbon center group is bromoacetyl which 
can be derived from bromoacetic acid-N-hydroxysuccinim 
ide ester. Other suitable reactive carbon center reagents 
include ol,-unsaturated carbonyls of the general formula V 

O (V) 
I 

Y-O-CCH-CHR 
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wherein R is hydrogen or an alkyl group containing 1 to 6 
carbon atoms and Y is an organic group suitable for forming 
an active ester which will readily react with the primary 
amine on the derivatized oligonucleotides. Examples of 
suitable Y groups include p-nitrophenyl, N-succinimidyl, 5 
N-sulfosuccinimidyl, and the like. Other suitable reactive 
carbon center reagents include O.B-unsaturated carbonyls of 
the general formula VI 

10 

O (VI) 

O 

wherein A is a linking group of general formula 
-(CHR)-, -CH-, -CH-, -(CHR)CH-, 
or-CH(CHR)- where m is an integer equal to 1 to 20, 20 
R is hydrogen or an alkyl group containing 1 to 6 carbon 
atoms, and Y is an organic group suitable for forming an 
active ester which will readily react with the primary amine 
on the derivatized oligonucleotide. Examples of suitable Y 
groups include p-nitrophenyl, N-succinimidyl, N-sulfosuc 
cinimidyl, and the like. One preferred reactive carbon center 
reactant of formula VI is succinimidyl 4-(N-maleimidom 
ethyl) cyclohexane-1-carboxylate (i.e., where Y is N-suc 
cinimidyl and A is -CH(CH2)-; see, Yoshitake et al. 
(1979) Eur: J. Biochem, 101:395; Mahan et al. (1987) Anal. 
Biochem. 162:163). Other preferred reactive carbon center 
reactants of formula VI include succinimidyl N-maleimi 
doalkyl-1-carboxylates (i.e., where Y is N-succinimidyl and 
Ais-(CH2)- with m equal to 1, 2, or 5; see Keller (1975) 
Helv. Chim. Acta 58(2):531). 
The polyacrylamide support is first treated with hydrazine 

or an alkyldiamine in essentially the same manner as shown 
in Equation 1 above to form 

25 

30 

35 

40 

(VII) 

CH-C-NH(CH2)NH2. 

wherein a is an integer equal to 0 or 2 to 20. Preferably, R 45 
is hydrogen and a is 0 or 2 to 6. The terminal amine groups 
of support VII can be reacted with the o-halocarbonyl 
compound IV as follows: 

50 
O (Eq. 4) 

O 
Y-O-CCH2X 

CH-C-NH(CH2)NH2 - Ge. 

55 
O O 

wherein a is an integer equal to 0 or 2 to 20, preferably 0 or 60 
2 to 6, and most preferably 0 or 2; X is a halogen (including 
Br, CI, and I) or a pseudo-halogen (including -C=N and 
-N=N); and Y is an organic group suitable for forming an 
active ester which will readily react with the primary amine 
on the derivatized support. The terminal amine groups of 65 
Support VII can be also reacted with the O.B-unsaturated 
carbonyl compound V as follows: 

12 

O (Eq. 5) 
O 

Y-O-CCHCHR 
CH-C-NH(CH2)NH2 - - T - T-Ge. 

wherein a is an integer equal to 0 or 2 to 20, preferably 0 or 
2 to 6, and most preferably 0 or 2; R is hydrogen or an alkyl 
group containing 1 to 6 carbon atoms; and Y is an organic 
group suitable for forming an active ester which will readily 
react with the primary amine on the derivatized support. The 
terminal amine groups of support VII can be also reacted 
with the O,-unsaturated carbonyl compound VI as follows: 

(Eq. 6) 

CH-C-NH(CH2)NH2 + 

O 

wherein A is a linking group of general formula 
-(CHR)-, -CH-, -CHo-, -(CHR),CH-, 
or -CH(CHR)- where misan integer equal to 1 to 20, 
R is hydrogen or an alkyl group containing 1 to 6 carbon 
atoms, and Y is an organic group suitable for forming an 
active ester which will readily react with the primary amine 
on the derivatized support. These reactive carbon center 
derivatized polyacrylamide supports can be reacted with 
thiol-derivatized oligonucleotides (as described in subsec 
tion 2.B below) to form thioether covalent bonds. 

2. Preparation of derivatized oligonucleotides 
Oligonucleotides can be synthesized and purified by any 

method known in the art, for example using the solid-phase 
cyanoethyl phosphoramidite method and HPLC purification 
(Ghosh et al. (1987) Nucl. Acids Res. 15:5353). Alterna 
tively, they can be isolated from natural sources or produced 
Synthetically or by restriction enzyme cleavage and, if 
desired, tailored so as to be suitable for the intended use. 

Thiol-derivatized oligonucleotides can be prepared, as 
hereinbefore described, by literature-known processes and 
as described herein. Bromoacetyl-derivatized oligonucle 
otides can be prepared as described herein. Further details of 
the preparation derivatized oligonucleotides are set forth in 
the Examples. Bromoacetylated oligonucleotides are pre 
pared as described herein or may be prepared by methods 
that may be developed. 
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Thiol compounds, because of their greater nucleophilicity 
compared to amines, show enhanced reactivities towards 
compounds containing reactive carbon centers. Preferably, 
thiol-derivatized oligonucleotides are prepared using a 'P) 
-labeled 5'-phosphorylated oligonucleotide in two steps: (1) 
reaction of the phosphate group with imidazole in the 
presence of a diimide and displacement of the imidazole 
leaving group with cystamine in one reaction step; and 
reduction of the disulfide bond of the cystamine linker with 
DTT. A similar procedure was described by Orgel et al. 
(1986) Nucl. Acids Res. 14:651). The 5'-phosphorylated 
starting oligonucleotides are prepared as described by 
Maniatis et al. (1982) Molecular Cloning: A Laboratory 
Manual, Cold Spring Harbor Laboratory, New York, p. 122. 
Details of the synthesis of the thiol-derivatives are set forth 
in Example 1 c. The overall phosphate-to-thiol transforma 
tion obtained by this process was estimated to be 60-75% by 
polyacrylamide gel analysis of 'P)-labeled products, and 
susceptibility of cleavage of 5'-'PO, label of unreacted 
phosphorylated oligonucleotide by alkaline phosphatase 
treatment, as described in Example 1 d. 

Oligonucleotides derivatized at their 5'-termini with, for 
example, bromoacetyl groups can be prepared by reacting 
5'-aminohexylphosphoramidate oligonucleotides with bro 
moacetic acid-N-hydroxysuccinimide ester. The perfor 
mance of the reaction is further illustrated in the examples. 
The phosphate-to-bromoacetamide transformation is about 
60-70% determined by polyacrylamide gel analysis of the 
'P-labeled products, and susceptibility of cleavage of 
5'-'PO label of unreacted phosphorylated oligonucleotides 
to alkaline phosphatase treatment. 

A. Attachment of Reactive Carbon Center Groups to 
Oligonucleotides 

Essentially the same type of reactive carbon centergroups 
can be attached to the oligonucleotides as can be attached to 
polyacrylamide support (i.e., reactive carbon center groups 
derived from compounds IV, V, and VI as discussed in 
subsection 1.B above). Reactive carbon center groups for 
use herein include groups having at least one thiolphilic 
carbon atom which preferentially reacts with thiol groups 
from the thiol-derivatized polyacrylamide support (as 
described in subsection 1.A above) to form thioether cova 
lent bonds. In particular, thiolphilic reactive carbon centers 
include, but are not limited to, the o-carbon of the carbonyl 
compound IV in which the o-carbon is substituted with a 
good leaving group, the B-carbon in an O,3-unsaturated 
carbonyl compound (as in, for example, compounds V and 
VI), and other such groups known to those of skill in the art 
that present a carbon atom that is highly reactive with a 
nucleophilic thiol group. Such reactive carbon center groups 
are attached to the 5'-end of a oligonucleotide via a phos 
phate group. In one embodiment, a primary amine group is 
attached to the 5'-end of the oligonucleotide using hydrazine 
or an alkyldiamine reactant in the following reaction 
scheme: 

OLIGOMER-OH - G (Eq. 7) 

H2NCH oLIGOMERE-O AN-22 s. 
O 

O 
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-continued 
O 

OLIGOMER-P-NH(CH2)NH2 

O 

wherein b is an integer equal to 0 or 2 to 20, preferably 0 or 
2 to 6, and most preferably is 0, 2, or 6. (See, e.g., Ghosh et 
al. (1989) Anal. Chem. 178:43; Wachter et al. (1986) Nucl. 
Acids Res. 14(20):7985; Tanaka et al. (1987) Nucl. Acids 
Res. 15(15):8209; Lund et al. (1988) Nucl. Acids Res. 
16(22):10861; Chu et al. (1983) Nucl. Acids Res. 11 
(18):6513.) The primary amine derivatized oligonucleotide 
produced in Equation 7 can be reacted with reactive carbon 
center reagent IV to introduce the reactive carbon center as 
illustrated in the following equation: 

O (Eq. 8) 
O 

Y-O-CCH2X OLIGOMER-P-NH(CH2)NH2 - Ge. 
O 

OLIGOMER-P-NH(CH2)NHCCH2X 

O 

wherein b is an integer equal to 0 or 2 to 20, preferably 0 or 
2 to 6, and most preferably 0, 2, or 6; X is a halogen 
(including Br, CI, and I) or a pseudo-halogen (including 
-C=N and -N=N"); and Y is an organic group suitable 
for forming an active ester which will readily react with the 
primary amine on the derivatized oligonucleotide. The pri 
mary amine derivatized oligonucleotide produced in Equa 
tion 7 can also be reacted with reactive carbon center reagent 
V to introduce the reactive carbon center as illustrated in the 
following equation: 

O (Eq.9) 
O 

Y-O-CCHCHR 
OLIGOMER-P-NH(CH2)NH2 - - G 

O 

OLIGOMER-P-NH(CH2)NHCCH=CHR 

O 

wherein b is an integer equal to 0 or 2 to 20, preferably 0 or 
2 to 6, and most preferably 0, 2, or 6; R is hydrogen or an 
alkyl group containing 1 to 6 carbon atoms; and Y is an 
organic group suitable for forming an active ester which will 
readily react with the primary amine on the derivatized 
oligonucleotide. The primary amine derivatized oligonucle 
otide produced in Equation 7 can also be reacted with 
reactive carbon center reagent VI to introduce the reactive 
carbon center as illustrated in the following equation: 

(Eq. 10) 

OLIGOMER-P-NH(CH2)NH2 + 

O 
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-continued 

O 

I 
Y-O-C-Are-N | --> 

OLIGOMER-P-NH(CH2)NHC-A-N 

O 
O 

wherein b is an integer equal to 0 or 2 to 20, preferably 0 or 
2 to 6, and most preferably 0, 2, or 6; A is a linking group 
of general formula -(CHR)-, -CH-, -CHo-, 
-(CHR)CH-, or -CH(CHR) - where m is an 
integer equal to 1 to 20, R is hydrogen or an alkyl group 
containing 1 to 6 carbon atoms, and Y is an organic group 
suitable for forming an active ester which will readily react 
with the primary amine on the derivatized oligonucleotide. 
Examples of suitable Y groups include p-nitrophenyl, 
N-succinimidyl, N-sulfosuccinimidyl, and the like. Prefer 
ably, b is 2 to 6; A is -(CH2)- or -CH- where m 
is 1 to 5; and Y is N-succinimidyl or N-sulfosuccinimidyl. 

In another embodiment, the primary amine group is 
attached to the oligonucleotide using AminolinkTM type 
reagents (Applied Biosystems, USA) or similar reagents as 
illustrated in the following reaction scheme: 

- - - - (Eq. 11) 
AminolinkTM oxidation oligomeron Reagent oxiuauons 

O 

--> oLIGOMER-NHCH )NH and cleavage 2. 2 
from support O 

wherein the solid vertical line with cross-hatching represents 
a suitable solid support; and b is an integer equal to 2 to 20 
and, preferably, 2 to 6. AminolinkTM I and II, which are 
normally employed in automated DNA synthesizers, have 
the following structures: 

O CH2-CH2 AminolinkTMI 

CF3-C-- .N O and 
N / 
P-OCH3 

O OCH3 AminolinkTM II 

CF--NH-CH)-o-i-NCHCH). 
For AminolinkTM I, b is 2 in Equation 11; for AminolinkTM 
II, b is 6 in Equation 11. (See, e.g., Bischoff et al. (1987) 
Anal. Biochem, 164:336.) The primary amine labeled oli 
gonucleotides of Equation 11 can be treated with the same 
reactive carbon center reagents as the primary amine labeled 
oligonucleotides of Equation 7-i.e., the reagents used in 
Equations 8-10 can be employed to prepare corresponding 
oligonucleotides having reactive carbon centers. 

B. Attachment of Nucleophilic Thiol Groups to Oligo 
nucleotides 
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16 
Essentially the same type of nucleophilic thiol groups can 

be attached to the oligonucleotides as can be attached to the 
polyacrylamide support (i.e., nucleophilic thiol groups as 
derived from thiol compounds II and III as discussed in 
subsection 1.A above). The oligonucleotide can be treated 
with hydrazine or an alkyldiamine in the essentially the 
same manner as shown in Equation 7 above to form 

(VIII) 

OLIGOMER-P-NH(CH2)NH2 

O 

wherein b is an integer equal to 0 or 2 to 20. The terminal 
amine groups of oligonucleotide VIII can be reacted with the 
thiol compound II as follows: 

S Z. (Eq. 12) 

OLIGOMER-P-NH(CH2)NH2+ -Ge. 
l 
O W 

4 y 
OLIGOMER-P -NH(CH2)NH-C--. CH- (CH2)-CH2-SH 

O 

wherein b is an integer equal to 0 or 2 to 20; c is 1 or 2; Z 
is oxygen or NH; and Wis hydrogen or -NHC(=O)-R 
where R is an alkyl group having 1 to 6 carbon atoms. 
Preferably, b is 0 or 2 to 6; c is 1; Z is oxygen; and W is 
hydrogen or -NHC(=O)CH. The terminal amine groups 
of oligonucleotide VIII can also be reacted with the thiol 
compound III as follows: 

(Eq. 13) 

OLIGOMER-P-NH(CH2)NH2+ 

O 

wherein b is an integer equal to 0 or 2 to 20; d is an integer 
equal to 2 to 6; d is -SR" or -C(=O)R" where R" is 
2-pyridyl, 3-carboxy-4-nitrophenyl, 5-nitro-2-pyridyl, or 
similar group and R" is an alkyl group having 1 to 6 carbon 
atoms; and Y is an organic group which forms an active ester 
which readily reacts with the primary amine groups in the 
oligonucleotide in Equation 13. If a disulfide is formed (i.e., 
if d is -SR"), the disulfide should be reduced to a -SH 
group with a conventional reducing agent (e.g., dithiothrei 
tol) before reacting with a reactive carbon center attached to 
a polyacrylamide support. 
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Amine derivatized oligonucleotides prepared using Ami 
nolinkTM-type reagents (as illustrated in Equation 11 above) 
can also be reacted with thiol compound II as follows: 

O S Z. (Eq. 14) 

r OLIGOMER-P-O(CH2)NH2+ -Ge. 
(CH2) O 2c W 

O Z W 

OLIGOMER-P-O(CH2)NH-C--. CH-(CH2)-CH2-SH 

O 

wherein b is an integer equal to 2 to 20; c is 1 or 2; Z is 
oxygen or NH; and W is hydrogen or -NHC(=O)-R' 
where R is an alkyl group having 1 to 6 carbon atoms. 
Preferably, b is 2 to 6; c is 1; Z is oxygen; and Wis hydrogen 
or -NHC(=O)CH. Amine derivatized oligonucleotides 
prepared using AminolinkTM-type reagents (as illustrated in 
Equation 11 above) can also be also reacted with thiol 
compound II as follows: 

O (Eq. 15) 

OLIGOMER-P-O(CH2)NH2+ 

O 

wherein b is an integer equal to 2 to 20; d is an integer equal 
to 2 to 6; dis-SR" or -C(=O)R" where R" is 2-pyridyl, 
3-carboxy-4-nitrophenyl, 5-nitro-2-pyridyl, or similar group 
and R" is an alkyl group having 1 to 6 carbon atoms; and Y 
is an organic group which forms an active ester which 
readily reacts with the primary amine groups in the oligo 
nucleotide in Equation 15. If a disulfide is formed (i.e., if d 
is -SR"), the disulfide should be reduced to a -SH group 
with a conventional reducing agent (e.g., dithiothreitol) 
before reacting with a reactive carbon center attached to a 
polyacrylamide support. 

Suitable thiol-derivatized oligonucleotides can be pre 
pared by reacting a disulfide compound of general formula 
NH(CH2)(S-) (where each e is an integer independently 
equal to 2 to 20) with the 5'-end of a oligonucleotide having 
a phosphate group and then reducing the disulfide to a thiol 
using conventional reducing agents. The general synthesis is 
illustrated as follows: 

OLIGOMER-OH-Ge. 

OLIGOMER-P-O-S Ge. 
O 

(Eq. 16) 
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-continued 
- 

OLIGOMER-P-NH(CH2)S-S(CH2)NH2. ris 
O 

OLIGOMER-P-NH(CH2)SH 

O 

wherein each e is an integer independently equal to 2 to 20; 
preferably, e is 2 to 6 and, most preferably, e is 2. 

Other suitable thiol-derivatized oligonucleotides having a 
thiol group attached to the 5'-end include compounds of the 
general formula: 

O (X) 

OLIGOMERE-O-(CH) sh 
o 

whereine is an integer from 2 to 20, preferably from 2 to 6, 
and most preferably 2. Such oligonucleotides can be pre 
pared using the general procedure of Connolly et al. (1985) 
Nucl. Acids Res. 13:4485. 

The above thiol-derivatized oligonucleotides can be 
reacted with reactive carbon center-derivatized supports (as 
described in subsection 2.B. above) to form thioether cova 
lent bonds. 

3. Coupling Reactions 
The nucleophilic thiol groups attached to polyacrylamide 

support (as described in subsection 1.A above) are coupled 
with the reactive carbon center groups attached to oligo 
nucleotides (as described in subsection 2.A). And the reac 
tive carbon center groups attached to polyacrylamide sup 
port (as described in subsection 1.B above) are coupled with 
the nucleophilic thiol attached to oligonucleotides (as 
described in subsection 2.B above). The coupling reaction is 
carried out such that a large percentage (i.e., greater than 
60%, preferably at least about 90%, and more preferably at 
least about 95%) of the linked oligonucleotides are linked to 
the support via a thioether linkage at their 5'-ends. To 
produce the supports with linked oligonucleotides, the 
derivatized oligonucleotides are coupled to the derivatized 
supports under suitable conditions. Generally, the coupling 
reaction is carried out in degassed buffer solutions under an 
inert atmosphere. Otherwise, it has been found that the 
precise conditions are not critical for the reaction. Exem 
plary polyacrylamide-oligonucleotide coupling products 
formed from coupling a thiol-derivatized support and a 
reactive carbon center-derivatized oligonucleotide include: 
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z W O O 

formed from coupling the thiol-derivatized support of Equa 
tion 2 and the reactive carbon center-derivatized oligonucle 
otide of Equation 8 (when M is -NH-) and wherein M is 
-NH- or oxygen; a is 0 or 2 to 20; b is 0 or 2 to 20 (when 
M is -NH-O or b is 2 to 20 (when M is -O-); c is 1 or 
2, Z is oxygen or NH"; and W is hydrogen or 
-NHC(=O)-R where R is an alkyl group having 1 to 6 
carbon atoms; 

Z W R O 
| 

O 

formed from coupling the thiol-derivatized support of Equa 
tion 2 and the reactive carbon center-derivatized oligonucle 
otide of Equation 9 (when M is -NH-) and wherein M is 
-NH- or oxygen; R is hydrogen or an alkyl group 
containing 1 to 6 carbon atoms; a is 0 or 2 to 20; b is 0 or 
2 to 20 (when M is -NH-) or b is 2 to 20 (when M is 
-O-); c is 1 or 2; Z is oxygen or NH; and Wis hydrogen 
or -NHC(=O)-R" where R' is an alkyl group having 1 to 
6 carbon atoms; 

| 
O 

formed from coupling the thiol-derivatized support of Equa 
tion 2 and the reactive carbon center-derivatized oligonucle 
otide of Equation 10 (when M is -NH-) and wherein M 

O O 
I 

is -NH- or oxygen; a is 0 or 2 to 20; b is 0 or 2 to 20 
(when M is -NH-) or b is 2 to 20 (when Mis-O-); c 
is 1 or 2, Z is oxygen or NH; W is hydrogen or 
-NHC(=O)-R" where R' is an alkyl group having 1 to 6 
carbon atoms; and A is a linking group of general formula 
-(CHR) -, -CH-, -CHo-, -(CHR),CH-, 
or -CH(CHR) - where m is an integer equal to 1 to 
20 and R is hydrogen or an alkyl group containing 1 to 6 
carbon atoms; 

O O 
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O (X) 

O 

formed from coupling the thiol-derivatized support of Equa 
tion 3 and the reactive carbon center-derivatized oligonucle 
otide of Equation 8 (when M is -NH-) and wherein M is 
-NH- or oxygen; a is 0 or 2 to 20; b is 0 or 2 to 20 (when 
M is -NH-) or b is 2 to 20 (when M is -O-); and d is 
2 to 6; 

(XI) 

CH-C-NH(CH2)NH-C- - - CH-(CH2)-CH2-S- CHCH2CNH(CH2). -M-P-OLEGOMER 

O 

(XII) 

O O 

N-A-CNHCCH2)-M-P-OLIGOMER 

O 

R O (XIV) O 

O 

formed from coupling the thiol-derivatized support of Equa 
tion 3 and the reactive carbon center-derivatized oligonucle 
otide of Equation 9 (when Mis-NH-) and wherein M is 
-NH- or oxygen; R is hydrogen or an alkyl group 
containing 1 to 6 carbon atoms; a is 0 or 2 to 20; b is 0 or 

(XIII) 

P-OLIGOMER 
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2 to 20 (when M is -NH-) or b is 2 to 20 (when M is 
-O-); and d is 2 to 6; and 

O 

O O 

CH-C-NH(CH2)NH-C-- . (CH2)-S 
O 

formed from coupling the thiol-derivatized support of Equa 
tion 2 and the reactive carbon center-derivatized oligonucle 
otide of Equation 10 (when M is -NH-) and wherein M 
is -NH- or oxygen; a is 0 or 2 to 20; b is 0 or 2 to (when 
M is -NH-) or b is 2 to 20 (when M is -O-); d is 2 to 
6; and A is a linking group of general formula-(CHR)-, 
-CH-, -CH-, -(CHR),C Or 
-CH(CHR)- where m is an integer equal to 1 to 20 
and R is hydrogen or an alkyl group containing 1 to 6 carbon 
atOilS. 

Exemplary polyacrylamide-oligonucleotide coupling 
products formed from coupling a reactive carbon center 
derivatized support and a thiol-derivatized oligonucleotide 
include: 

H 10, 

w O O Z 

formed from coupling the reactive carbon center-derivatized 
support of Equation 4 and the thiol-derivatized oligonucle 
otide of Equation 12 (when M is -NH-) or Equation 14 
(when M is -O-) and wherein M is -NH- or oxygen; 
a is 0 or 2 to 20; b is 0 or 2 to 20 (when M is -NH-) or 
b is 2 to 20 (when Mis-O-); c is 1 or 2; Z is oxygen or a 
NH; and W is hydrogen or -NHC(=O)-R where R is 
an alkyl group having 1 to 6 carbon atoms; 

O O O 

formed from coupling the reactive carbon center-derivatized 50 
support of Equation 4 and the thiol-derivatized oligonucle 
otide of Equation 13 (when M is -NH-) or Equation 15 
(when M is -O-) and wherein M is -NH- or oxygen; 
a is 0 or 2 to 20; b is 0 or 2 to 20 (when M is -NH-) or 
b is 2 to 20 (when M is -O-); and d is 2 to 6; 

O R O 
I 
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(XV) 

O 

N-A-CNH(CH2)-M -P-OLIGOMER 
O 

O (XVIII) 
I 

CH-C-NH(CH2)NH-CCH2-S-(-CH2M-P-OLIGOMER 
O 

O O 

formed from coupling the reactive carbon center-derivatized 
support of Equation 4 and the thiol-derivatized oligonucle 
otide of Equation 16 (when M is -NH-) or thiol-deriva 
tized oligonucleotide IX (when M is oxygen) and wherein a 
is 0 or 2 to 20; and e is 2 to 20; 

O (XVI) 

CH- C-NH(CH2)NH-CCH2-S-CH2(CH2).cH- -. CNHCCH2)-M-P-OLIGOMER 

O 

(XIX) 

W Z O 

CH-C-NH(CH2)NH-CCH2-CH-S-CH3(CH2)CH- - . CNHCCH)-M-P-OLIGOMER 

O 
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formed from coupling the reactive carbon center-derivatized 
support of Equation 5 and the thiol-derivatized oligonucle 
otide of Equation 12 (when M is -NH-) or Equation 14 
(when M is -O-) and wherein M is -NH- or oxygen; 
R is hydrogen or an alkyl group containing 1 to 6 carbon 5 
atoms; ais 0 or 2 to 20; b is 0 or 2 to 20 (when Mis-NH-) 
or b is 2 to 20 (when M is -O-); c is 1 or 2; Z is oxygen 
or NH"; and W is hydrogen or -NHC(=O)-R" where R' 
is an alkyl group having 1 to 6 carbon atoms; 

O O R O 

formed from coupling the reactive carbon center-derivatized 
support of Equation 5 and the thiol-derivatized oligonucle 
otide of Equation 13 (when M is -NH-) or Equation 15 
(when M is -O-) and wherein M is -NH- or oxygen; 
R is hydrogen or an alkyl group containing 1 to 6 carbon 
atoms; ais 0 or 2 to 20; b is 0 or 2 to 20 (when Mis-NH-) 
or b is 2 to 20 (when M is -O-); and d is 2 to 6; 

20 

O O R O 

O 

formed from coupling the reactive carbon center-derivatized 
support of Equation 5 and the thiol-derivatized oligonucle 
otide of Equation 16 (when M is -NH-) or the thiol 
derivatized oligonucleotide IX (when M is oxygen) and 
wherein R is hydrogen or an alkyl group containing 1 to 6 
carbon atoms; a is 0 or 2 to 20; and e is 2 to 20, 

35 

O W z 

O O 
I 

CH-C-NH(CH2)NHC-A-N 

O 

formed from coupling the reactive carbon center-derivatized 
support of Equation 6 and the thiol-derivatized oligonucle 

O O 

O 

otide of Equation 12 (when M is -NH-) or Equation 14 60 
(when M is -O-) and wherein M is -NH- or oxygen; 
a is 0 or 2 to 20; b is 0 or 2 to 20 (when M is -NH-) or 
b is 2 to 20 (when M is -O-); c is 1 or 2; A is a linking 
group of general formula -(CHR)-, -CH-, 65 
-CHo-, -(CHR),CHo-, or -CH(CHR) - 
where m is an integer equal to 1 to 20 and R is hydrogen or 

24 
an alkyl group containing 1 to 6 carbon atoms; Z is oxygen 
or NH; and W is hydrogen or -NHC(=O)-R' where R' 
is an alkyl group having 1 to 6 carbon atoms, 

(XX) 

O 

(XXI) 

(XXII) 

S-CH2(CH2)CH--. CNHCCH2), -M-P-OLIGOMER 

O 

(XXIII) 

O 

formed from coupling the reactive carbon center-derivatized 
support of Equation 6 and the thiol-derivatized oligonucle 
otide of Equation 13 (when M is -NH-) or Equation 15 
(when M is -O-) and wherein M is -NH- or oxygen; 
a is 0 or 2 to 20, b is 0 or 2 to 20 (when M is -NH-) or 
b is 2 to 20 (when Mis-O-); dis 2 to 6; and A is a linking 
group of general formula -(CHR)-, -C Ha-, 
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-CHo-, -(CHR).C.Ho-, or -CH(CHR) - 
where m is an integer equal to 1 to 20 and R is hydrogen or 
an alkyl group containing 1 to 6 carbon atoms; and 

O 

O O 
| I 

O 

O 

formed from coupling the reactive carbon center-derivatized 
support of Equation 6 and the thiol-derivatized oligonucle 
otide of Equation 16 (when M is -NH-) or the thiol 
derivatized oligonucleotide IX (when M is oxygen) and 
wherein a is 0 or 2 to 20; e is 2 to 20; and A is a linking group 
of general formula -(CHR)-, -CH-, -CH-, 
-(CHR) CHo-, or -CHo(CHR)- where m is an 

integer equal to 1 to 20 and R is hydrogen or an alkyl group 
containing 1 to 6 carbon atoms. 
When the thiol group is attached to the polyacrylamide 

support, an excess of polyacrylamide support is used in the 
coupling reaction with the reactive carbon center-derivatized 
oligonucleotide in order to provide an overabundance of 
thiol groups that will out-compete the internal amines of the 
oligonucleotides for end-attachment to the reactive carbon 
centers, thereby resulting in a reproducible high percentage 
of 5'-end attachment of the oligonucleotide to the polyacry 
lamide support. 

According to one embodiment, thiol-oligonucleotides are 
coupled to bromoacetyl-derivatized polyacrylamide sup 
ports. The bromoacetyl derivatives of polyacrylamide sup 
ports are preferably obtained by treatment of hydrazide 
functionalized supports with an excess of bromoacetic acid 
N-hydroxysuccinimide ester, essentially following the pro 
cedure described by Bernatowicz et al. (1986) Anal. Bio 
chem. 155:95). The extent of derivatization can be 
determined by a two-step procedure. In the first step, the 
supports are exposed to a large excess of dithiothreitol 
(DTT) to effect a quantitative bromoacetyl-to-thiol function 
ality conversion. The thiol groups are then titrated with 
Ellman's reagent 5,5'-dithio-bis(2-nitrobenzoic acid). 
Under normal reaction conditions, the conversions usually 
range between 16-56%, therefore, the residual hydrazide 
groups are still available to further derivatization. Mixed 
carboxyl derivatives can be obtained by treating the bro 
moacetyl derivatized supports with excess glutaric anhy 
dride, to effect a residual hydrazide-to-carboxyl transforma 
tion. 

In non-specific binding experiments with oligonucleotide 
alkaline phosphatase conjugates the bromoacetyl-deriva 
tized supports perform considerably better than the 
hydrazide-derivatives. Non-specific binding is further 
reduced by the hydrazide-to-carboxyl transformation. It was 
found to be advantageous to silanize the Eppendorf tubes 
and have 1% BSA in the hybridization solutions to prevent 
adhesion of the oligonucleotide-enzyme conjugates to the 
walls of the tubes. 
The covalent attachment of the bromoacetyl-oligonucle 

otides to thiol-derivatized polyacrylamide solid supports is 
illustrated in the examples. The coupling efficiencies are at 
least between about 3% and about 30%, depending on the 
pore size (molecular weight exclusion limit) of the solid 
support employed. More porous matrices with high exclu 
sion limits provide substantially better coupling results than 
the highly cross-linked variants. 
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(XXIV) 

S-(CH2)-M-P-OLIGOMER 

The thiol-derivatized oligonucleotides are, preferably, 
though not necessarily, coupled with the reactive carbon 
center-derivatized polyacrylamide supports under an inert 
atmosphere (e.g., a nitrogen atmosphere; see, also Example 
le). The attachment of thiol-oligonucleotides to the supports 
can be monitored using radiolabeled nucleic acids. The 
coupling efficiency of thiol-functionalized oligonucleotides 
to the bromoacetyl-derivatized solid supports is a function of 
the pH of the reaction, with pH of about 9.0 being preferred. 
There was considerable variability in the attachment effi 
ciencies, but this is probably due to the susceptibility of the 
reactive thiol group to air oxidation in storage and during the 
course of the reaction. The overall attachment efficiencies 
were found to be between about 3.5% and 48%. Since the 
yields of the coupling experiments, however, are calculated 
as percentages of cpms of the total radioactivity introduced 
in the system, due to the incomplete conversion of the 
5'-phosphorylated oligonucleotides to their thiol-derivatives, 
the actual yields are considerably higher. Moreover, follow 
ing this method, more than 99% of the oligonucleotides are 
attached to the solid support through their 5'-termini. This is 
a striking advantage over other systems known in the art, for 
example SephacrylTM dextran beads, where merely about 
50-55% of the oligonucleotides are end-attached. 

It is preferable to (1) use fresh thiol oligonucleotides for 
the coupling reaction, (2) degas all reaction solutions prior 
to use, and (3) carry out the coupling under xn inert 
atmosphere (e.g., nitrogen or argon). 

Using the reverse format, bromoacetyl-derivatized oligo 
nucleotides are coupled with thiol-derivatized polyacryla 
mide solid supports. The introduction of thiol functionalities 
on polyacrylamide matrices can be achieved by reacting 
hydrazide-polyacrylamide supports with N-acetylhomocys 
teine thiolactone, essentially as described in Example 2a 
hereinafter. The extent of derivatization can be determined, 
by titration of the thiol group with Ellman's reagent, as 
hereinbefore described. The conversion usually is between 
about 4% and about 15%, and is strongly dependent on the 
amount of hydrazide groups in the solid supports; supports 
with higher hydrazide substitution levels being preferred. 
Since the conversion of hydrazide groups into thiol groups 
is low, there are always unreacted hydrazide groups left that 
are available for further derivatization. Matrices with mixed 
functionalities, in which the residual hydrazide groups are 
converted, for example, into carboxyl or trinitrophenyl 
groups, without modifying the thiol-functionalities, are easy 
to prepare by literature-known processes and may have 
advantages in certain hybridization reactions, by reducing 
non-specific absorption of the negatively charged nucleic 
acids, due to the anionic properties of carboxyl and trini 
trophenyl groups. Treatment of the polyacrylamide supports 
with glutaric anhydride and/or iodoacetic acid converts the 
hydrazide and sulfhydryl functionalities to carboxylic 
groups. These supports were found to provide better non 
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specific adsorption results and are, therefore, preferred for 
use in direct capture experiments. 

4. Hybridization properties of the polyacrylamide sup 
ports with end-attached oligonucleotides 
The hybridization potential of thiol-oligonucleotides 

immobilized on bromoacetyl polyacrylamide supports was 
evaluated using either a 'P-labeled oligonucleotide in a 
direct capture experiment, or a single-stranded 7Kb plasmid 
DNA target in a sandwich format. The oligonucleotides 
immobilized on polyacrylamide supports as described 
herein generally gave better results than oligonucleotides 
immobilized on Sephacryl M. dextran beads for direct cap 
ture of target oligonucleotides in this construction. The 
results were somewhat worse in case of sandwich capture of 
long target DNA. 
The hybridization potential of bromoacetyl oligonucle 

otides immobilized on thiol-derivatized solid supports was 
tested by direct capture of oligonucleotide targets and in 
sandwich format, using TAS RNA transcripts. The results 
were similar to those obtained with the reverse format. 
While the oligonucleotides immobilized on thiol-polyacry 
lamide supports were clearly better in direct capture of 
oligonucleotides than SephacrylTM dextran beads, their cap 
ture potential was less expressed in sandwich capture experi 
ments, especially when long targets were to be identified. 

In hybridization studies involving direct capture of radio 
actively labeled oligonucleotides, TrisacrylTM polyacryla 
mide-SH supports containing immobilized oligonucleotides, 
especially supports in which the unreacted sulfhydryl groups 
were alkylated with iodoacetate, performed particularly 
well. The oligonucleotides immobilized on TrisacrylTM 
polyacrylamide-SH supports showed excellent hybridiza 
tion potential also in sandwich hybridization experiments, 
essentially carried out as hereinabove described. The signal 
to-noise ratio was about 4-times higher in sandwich hybrid 
ization experiments performed with TrisacrylTM polyacryla 
mide supports than on SephacrylTM dextran beads. 
The bromoacetylated oligonucleotides coupled to thiol 

derivatized polyacrylamide supports with reasonable yields, 
and the reproducability of the reaction is very good. In case 
of the reverse format, using thiol-oligonucleotides and bro 
moacetyl derivatized supports, the coupling efficiencies 
show greater variability, probably due to the higher suscep 
tibility of thiol-oligonucleotides to oxidation. Both 
approaches, however, provide extremely good end-attach 
ment results. Essentially all of the oligonucleotides (95% or 
more) are attached to the solid supports by their 5'-termini, 
by using either coupling methodology. 
The hybridization potential of oligonucleotides immobi 

lized on polyacrylamide solid supports as provided herein is 
very good in direct capture experiments, primarily due to the 
superior direct-capture ability of end-attached oligonucle 
otides. In sandwich hybridizations with TAS RNA products 
or long, single-stranded DNA fragments, the polyacrylamide 
supports having large pore sizes perform especially well in 
contrast to their highly cross-linked counterparts. The results 
can be further improved by functionalization of these porous 
supports, for example, with carboxyl groups. The best 
results were obtained with polyacrylamide supports having 
an exclusion limit of about 2x10' daltons (TrisacrylTM 
polyacrylamide GF 2000). 
The direct capture and background properties of the 

oligonucleotides immobilized on the polyacrylamide solid 
supports produced by reacting bromoacetyl ester derivatized 
oligonucleotides with thiol-derivatized supports in which 
the detection oligonucleotides were labeled with alkaline 
phosphatase conjugates was examined. Although the back 
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ground from non-specific binding was found to be low, use 
of the oligonucleotide-enzyme conjugates prevented the 
greater capture potential of polyacrylamide supports with 
end-attached oligonucleotides that are radiolabeled. 

EXAMPLES 

The following examples are included for illustrative pur 
poses only and are not intended to limit the scope of the 
invention. 

EXAMPLE 1. 

GENERAL MATERIALS AND METHODS 

a. Direct capture of 'P-labeled targets by oligonucle 
otide-derivatized supports 
The bead samples (50 mg) were aliquoted into 1 ml 

Eppendorf tubes, and the supernatant was removed after 
centrifugation. Prehybridization in 250 pil of 5x SSPE 
(0.75MNaCl,50 mMNaH2PO, pH 7.4, and 5 mMethylene 
diamine tetracetate-4 Na (EDTA), 10% dextran sulfate, 
0.1% sodium dodecyl sulfate (SDS) was carried out at 37 
C. for 30 minutes, after which the supernatant was drawn 
off. Samples of complementary and non-complementary 
'P-labeled oligonucleotides (approximately 30 bases) were 
preincubated at 65° C. for 5 minutes and then added to the 
bead samples (typically 3.75 fmoles oligonucleotide/100 ul 
hybridization buffer). The beads were incubated at 37°C. for 
1 hour with occasional shaking. After washing with 5 x 1 ml 
of 2x SSC (0.3M NaCl, 0.03M Na citrate, pH 7.0) at 37° C., 
the amount of label bound to the supports was determined by 
Cerenkov counting. 

b. Sandwich hybridization of TAS-generated RNA tran 
scripts on solid supports 

Samples of Bio-GelTM polyacrylamide (Bio-Rad, USA) or 
TrisacrylTM polyacrylamide (IBF Biotechnics, USA) (50 
mg) were prehybridized as described above. 
The target, DNA or RNA, was denatured at 65° C. for 5 

minutes immediately prior to hybridization. Solution hybrid 
ization of the target RNA (0.5 fmoles) with a complemen 
tary, 'P-labeled detection oligonucleotide (5 fmoles) was 
performed in a total volume of 20 ul in 5x SSPE, 10% 
dextran sulfate, 0.1% SDS for 2 hours at 42°C. The sample 
was then diluted to 100 ul with hybridization buffer and 
added to the solid support, Sandwich hybridization was 
performed at 37° C. for 1 hour with occasional shaking. 
Finally, the beads were washed with 5x 1 ml 2x SSC at 37 
C. Non-complementary RNA target was used as a control to 
determine the level of non-specific binding in the assay. 

c. Direct capture of alkaline phosphatase-oligonucleotide 
conjugates on solid supports 

Oligonucleotide-containing Bio-GelTM polyacrylamide or 
TrisacrylTM polyacrylamide supports (50 mg) were prehy 
bridized with 250 pil of 5x SSC, 10% dextran sulfate, 0.1% 
SDS, 1% bovine serum albumin fraction V (BSA) in 1 ml 
Eppendorf tubes for 30 minutes at 37° C. Complementary 
and non-complementary oligonucleotide-alkaline phos 
phatase conjugates were diluted with 0.1M Tris, 0.1M NaCl, 
1% BSA, pH 7.5, and preincubated at 55° C. for 5 minutes. 
After addition of the conjugate (37.5 fmoles) in 100 ul of 
hybridization buffer, the mixture of conjugate and 
SephacrylTM dextran beads was incubated at 42° C. for 1 
hour with occasional shaking. The supports were washed 
with 4 x 1 ml of 2x SSC at 37° C. The bead samples and 
washes were treated with 1 ml 0.1 mM p-nitrophenyl 
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phosphate in 0.1M Tris, 0.1M NaCl, 0.01MMgCl, pH 9.5. 
After development of color at room temperature for 1 hour, 
the formation of p-nitrophenolate was measured by reading 
the absorbance at 410 nm. 

d. TNBS test for hydrazides and amines 
Filtrates for hydrazide or amine-derivatized supports were 

tested for free hydrazide or ethylene-diamine as follows. 
Two ml of filtrate were treated with 1 ml of saturated 
NaBO, and 3 drops of 3% aqueous trinitrobenzene sul 
fonate (TNBS), with thorough mixing. The appearance of a 
purple or orange color after one minute indicated the pres 
ence of hydrazine or amine, respectively. 

e. DTNB test for sulfhydryl and bromoacetyl substitution 
determination 

A sample of derivatized support (1-20 mg wet weight) 
was reduced with 500 ul of 20 mM dithiothreitol (DTT) in 
0.05M KHPO, 1 mM EDTA, pH 8.0, for 30 minutes in a 
1-ml Eppendorf tube and washed with 3 x 1 ml of 0.05M 
KHPO, pH 8.0, after the supernatant had been removed. 
The beads were then treated with 1 ml of 1 mM 5,5'- 
dithiobis(2-nitrobenzoic acid) (DTNB) in 0.05M KHPO, 
pH 8.0. The absorbance of the supernatant was monitored at 
412 nm after 15 minutes (e=13,600 for released thiopheno 
late). 

EXAMPLE 2 

PREPARATION OF HYDRAZIDE DERIVATIVES 
OF BIO-GELTM POLYACRYLAMIDE BEADS 

Hydrazide derivatives of Bio-GelTM polyacrylamide 
beads (Bio-Rad, USA) were prepared using the procedure of 
Inman ((1974) Meth. Enzymol. 34(B):30). Typically, a 20 ml 
solution of 6M hydrazine at 50° C. was added to 1 gram of 
dry resin. After 40 minutes, the excess reagent was removed 
by washing the beads with 0.2M NaCl until the filtrate gave 
a negative test with 2,4,6-trinitrobenzene sulfonic acid 
(TNBS). The derivatized beads were dried under negative 
pressure for 15 minutes, weighed, and suspended in 10 mM 
Tris, 1 mM EDTA (TE), pH 8.0, or 0.1M KHPO, pH 8.0. 
The non-specific binding of 'P-labeled oligonucle 

otides, alkaline phosphatase-oligonucleotide conjugates, 
alkaline phosphatase with BSA, and linker-derivatized alka 
line phosphatase with BSA was determined with the above 
supports, and the results presented in Table I. 

TABLE I 

NON-SPECIFIC BINDING ON BEO-GELTM 
POLYACRYLAMDE P-60 HYDRAZIDE BEADS 

Bio- % Bound to Beads 

Gel T.M. Phos 
polyacryl- 32P) Alkaline Alkaline phatase 
amide O- Conju- Conjugate Phosphatase Linker 
Hydrazide ligo gate --BSA with BSA WIBSA 

31 micro- 0.26 113 5.2 1.95 5.90 
molelgm 
62 micro- 0.23 9.8 ww. 
molelgm 
125 micro- 0.32 13.7 4.1 
molegm. 
500 micro- 0.4 13.5 8.6 1.2 4.49 
molelgm 

32 The non-specific binding of P-labeled oligonucle 
otides was low and was not dependent on the level of 
substitution of the hydrazide residues on Bio-GelTM poly 
acrylamide. Backgrounds from enzyme-oligonucleotide 
conjugates were much higher (9.8-13.7%) when no BSA 
was used in the hybridization solutions. This indicated that 
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30 
the enzyme component of the conjugate was largely respon 
sible for this interaction. The addition of BSA to the hybrid 
ization mixture was found to be partially effective in elimi 
nating non-specific binding of the enzyme-oligonucleotide 
conjugate. Parallel experiments using alkaline phosphatase 
and alkaline phosphatase-linker show that derivatization of 
the enzyme with the linker was primarily responsible for the 
non-specific binding. 

EXAMPLE 3 

COVALENT ATTACHMENT OF 
THIOL-OLIGONUCLEOTDESTO 
BROMOACETYL BIO-GELTM 
POLYACRYLAMIDE BEADS 

a. Acylation of Bio-GelTM polyacrylamide hydrazide 
beads with N-succinimidyl bromoacetate 

1. Synthesis of N-succinimidyl bromoacetate. Bronoace 
tic acid (20 mmoles) was treated with dicyclohexylcarbodi 
imide (22 mmoles, 1.1 equivalents) and N-hydroxysuccin 
imide (22 mmoles) in 30 ml CH2Cl at 4°C. according to the 
procedure of Bernatowicz et al. ((1986) Anal. Biochem. 
155:95) to give the N-succinimidyl bromoacetate as a white 
solid. 

2. Acylation. A 1 gram (wet weight) sample of Bio-GelTM 
polyacrylamide hydrazide beads (50 umoles/dry gram) was 
washed with 2x 50 ml 0.1M KHPO, pH 7.0, and resus 
pended in 5 ml of this buffer. The suspension was cooled to 
0° C. in an ice bath, and N-succinimidyl bromoacetate (10 
mole equivalents relative to hydrazide groups) in 250 ul 
N,N-dimethylformamide (DMF) was added dropwise with 
stirring. The reaction mixture was allowed to come to room 
temperature over 30 minutes. After cooling to 0°C. again, 
another aliquot of N-succinimidyl bromoacetate was added 
and the reaction mixture was stirred for 30 minutes at room 
temperature. The beads were filtered through a sintered glass 
funnel (porosity C) and washed with 50 ml 0.1M KHPO. 
pH 7.0. The acylated beads were stored in 0.1M KHPO at 
40 C. 

To determine the level of substitution, the supports were 
exposed to a large excess of DTT to effect a quantitative 
bromoacetyl-to-thiol functionality conversion. The thiol 
groups were then titrated with Ellman's reagent 5,5-dithio 
bis-(2-nitrobenzoic acid) (see Example 1e). From Table II 
it can be seen that the conversion of hydrazide groups to 
bromoacetyl functionalities proceeded with an efficiency of 
56%, 43%, and 40% for P-10, P-60, and P-200, respectively, 
while the reaction with the P-2 support was less efficient. 

TABLE II 

REACTION OF HYDRAZIDE WITH BROMOACETIC 
ACID NHS ESTERPOLYACRYLAMIDE 

SUPPORTS 

Molar 
moles EXCCSS moles % NHNH 

Support Type NHNHg NHSBrAc CHBrig converted 

P-2-CHBr 50 20 8.0 16.0 
(MW exclusion 
limit 2,000) 
P-10-CHBr 50 20 27.9 55.8 
(MW exclusion 
limit 10,000) 
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TABLE II-continued 

REACTION OF HYDRAZIDE WITH BROMOACETIC 
ACD NHS ESTERPOLYACRYLAMIDE 

SUPPORTS 

Molar 
umoles eXCSS umoles % NHNH 

Support Type NHNHg NHSBrAc CHBrig converted 

P-60-CHBr 50 20 2.6 43.2 
(MW exclusion 
limit 60,000) 
P-200-CHBr 50 20 20.3 40.5 
(MW exclusion 
limit 200,000) 

TABLE III 

NON-SPECIFICBINDING WITH 50 FMOLES 
CONJUGATE (% BOUND) 

Type of -CHBr -CHBr 
Support -NHNH -NHNH -COOH 

P-2 157 1.01 0.71 
P-60 7.3 3.5 1.4 

Non-specific binding experiments with oligonucleotide 
alkaline phosphatase conjugates (see Example 1c) were 
carried out with three types of P-2 and P-60 supports (Table 
III). 
A decrease in non-specific adsorption was observed for 

both supports when the hydrazide functionality was capped 
with bromoacetyl groups. Since the reaction of hydrazide 
supports with bromoacetic acid N-hydroxysuccinimide ester 
does not result in a quantitative conversion (see Table II, last 
column), the residual hydrazide groups are still available for 
derivatization. 

b. Glutarylation of bromoacetyl Bio-GelTM polyacryla 
mide beads 
A 1.0 gram (wet weight) sample of bromoacetyl Bio 

GelTM polyacrylamide beads (50 uM hydrazide/dry gram) 
was washed with 0.1M NaCl and suspended in 20 ml of this 
solution in a glass beaker. To the stirred suspension was 
added 100 mg of glutaric anhydride. The pH of the suspen 
sion was maintained at 4.0–4.2 with 3M NaOH, while the 
reaction mixture was stirred for 15 minutes. Then, another 
100 mg of anhydride was added, and the reaction mixture 
was stirred for a further 15 minutes. The beads were then 
washed with 3x 40 ml 0.1M KHPO, pH 7.0, by allowing 
the beads to settle in a conical tube and decanting the 
supernatant. 
When the bromoacetyl supports were treated with excess 

glutaric anhydride, as described above, a hydrazide-to 
carboxyl transformation was obtained. The carboxyl group 
in these bifunctional supports provided an additional reduc 
tion in non-specific binding of the enzyme-oligonucleotide 
conjugates (Table III, column 3). 

c. One-step preparation of 5'-cystaminyl phosphoramidate 
derivatives of oligonucleotides 
The 5'-phosphorylated oligonucleotide (Maniatis et al. 

(1982) Molecular Cloning: A Laboratory Manual, Cold 
Spring Harbor Laboratory, New York) in a silanized Eppen 
dorf tube was treated with 300 ul of a 0.1M imidazole, 
0.15M 1-ethyl-3-(3-dimethylaminopropyl)- 
carbodiimide-HCl (EDC), 0.25M cystamine dihydrochlo 
ride, pH 6.0, and let stand at room temperature overnight. 
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The modified oligonucleotides were precipitated with etha 
nol/LiCl, washed with 300 ul HO, and precipitated again. 
Yields of 86% were obtained using this procedure. The 
reaction is illustrated in FIG. 2. 

d. Determination of level of cystamine attachment to 
5'-phosphorylated oligonucleotides 
A 50-pmole sample of 'P-labeled cystaminyl-derivatized 

oligonucleotide was treated with 1 ul stock calf intestine 
alkaline phosphatase (Boehringer Mannheim, EIA grade) 
and the volume made up to 100 pil with 0.1M Tris, 0.1M 
NaCl, 0.01M MgCl, pH 9.5. The reaction was allowed to 
proceed for 2 hours. The sample was then applied on a 5 ml 
column of Sephadex G-50 and eluted with TE, pH 8.0. The 
first and second radioactive peaks were collected, corre 
sponding to cystaminyl-derivatized oligonucleotides and 
free inorganic phosphate (cleaved from 5'-phosphorylated 
oligonucleotide), respectively. The peaks were counted by 
Cerenkov counting to estimate the yield of cystamine attach 

ent. 

e. Covalent attachment of 5'-cystaminyl-derivatized oli 
gonucleotides to bronoacetyl-Bio-GelTM polyacrylamide 
beads 
The cystaminyl-containing oligonucleotide was reduced 

with 300 ul 0.1M DTT, 0.2M HEPES, 0.001M EDTA, pH 
7.7, for 1 hour at room temperature. The product was 
precipitated with EtOH/LiCl and washed twice with 0.2M 
HEPES, 0.001M EDTA. Typically, 50 mg of beads were 
treated with 25 pmoles of reduced oligonucleotide in 150 ul 
0.1M KHPO, pH 9.0, and agitated under N on a rotary 
mixer overnight. As a control to determine non-specific 
binding, a 5'-phosphorylated oligonucleotide was added to a 
sample of beads under the same conditions. The beads were 
washed with: (a) 3x 1 ml 0.1M NaPO, pH 7.5, and (b) 3x 
1 ml 0.015M NaOH, pH 12. 'P-labeled oligonucleotides 
were used as controls to estimate end-attachment efficien 
cies. Oligonucleotides 86-31 and 87-416, which were used 
in the experiments have the following nucleotide sequences: 
Sequence ID No. 1: 5' GCACACAAGTAGACCCTGAAC 
TAGCAGACCA 3" (86-31) 

Sequence ID No. 2:5' AACCAATAAGAAGATGAGGCAT 
AGCAGCA 3" (87-416). 
The attachment of the thiol-derivatized oligonucleotides 

to the bromoacetyl-Bio-GelTM polyacrylamide supports was 
monitored using radiolabeled nucleic acids, and the results 
are summarized in Table IV. 

Since the yields of the coupling experiments are percent 
ages of cpms of the total radioactivity introduced in the 
reaction, the actual yields are in fact higher, due to the 
incomplete conversion of 5'-phosphorylated oligonucle 
otides to their thiolated derivatives. Substantially all of the 
oligonucleotides were end-attached via thioether bonds fol 
lowing this coupling strategy. The variability in the attach 
ment efficiencies (see entries 3-6, Table IV), was ascribed to 
the susceptibility of the reactive thiol group to air oxidation 
in storage or during the course of the reaction. While the 
overall attachment efficiencies of oligonucleotide to poly 
acrylamide supports (3-48%) were lower than to 
SephacrylTM dextran (70%), this coupling strategy provides 
a superior method for obtaining end-attached oligonucle 
otides. 
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TABLE IV 

COUPLENG YELDS OF BROMOACETYL SUPPORTS WITH 
THIOL-OLIGONUCLEOTIDES 

Type of %. 86-31-SH 9, 86-31-PO4 % end- %? 87-416-SH 9% 87-416-PO, % end 
Support bound bound attachment bound bound attachment 

1 P-2-CHBr 3.46 0.08 98 
2 P-10-CHBr 9.51 0.44 95 
3 P-60-CHBr 15.82 0.28 98 
4 P-60-CHBr 36.7 0.84 98 
5 P-60-CHBr 48.4 0.15 100 
6 P-200-CHBr 17.00 0.35 98 
7 P-60-CHBr 16.1 0.7 96 
8 P-60-CHBr 
-COH 19 0.3 98 

'Reactions were done in potassium phosphate pH 9.00, for 16 hours, and non-specifically bound oligonucleotides were 
removed by 3 washes with sodium pyrophosphate, followed by 3 washes with NaOH, pH 12.00. End attachment (%) = ((oligo-SH) (oligo-PO4) + oligo-SH 

The hybridization potential of oligonucleotides immobi- 20 dation. 
lized on P-60 supports (MW 60,000 cut-off) was evaluated 
using 'P-oligonucleotide-length target and a 7 kb DNA 
single-stranded plasmid in a sandwich format. The P-60 
support was chosen for the study, since this matrix displayed 
the best attachment efficiencies in the coupling reaction with 

TABLE V 

HYBRIDIZATION EXPERIMENTS WITH BROMOACETYL-DERIVATIZED 
POLYACRYLAMIDE SUPPORTS 

Sandwich with 
with 7 kb Target 86-31 Oligonucleotide Target 

immobilized frmoles 86-32 
support target (complementary) 

-CH2Br 0.5 89 
P-60 
-NHNH 
-CHBr 0.5 74 
P-60 
-COOH 
Seph- 0.5 54 
acryl TM 
dextran beads 

45 

thiol-oligonucleotide derivatives. The results of the capture 
experiments are summarized in Table V. 
As seen in the Table, both types of P-60 oligonucleotide 

supports proved to be better than SephacrylTM dextran beads 
for direct capture of oligonucleotides. The support-bearing 
carboxyl functionalities on the surface displayed a non 
specific binding identical to the SephacrylTM dextran control 
and were marginally better than the P-60 hydrazide matrix. 
The polyacrylamide-based support showed a poorer ability 
than SephacrylTM dextran beads to detect long target DNA in 
sandwich hybridizations and also displayed higher back 
grounds. This result suggested that perhaps a substantial 
portion of the immobilized oligonucleotides was in the 
interior of the support, and therefore was not accessible to 
the long target fragment for hybridization. Consequently, 
only a small portion of the immobilized oligonucleotide 
would be available on the surface for the rate of duplex 
formation. At this stage, it was reasoned that it would be 
beneficial to reverse the functionalities in the coupling 
reaction. An impediment to obtaining better coupling effi 
ciencies, and hence higher substitution levels, was the 
susceptibility of the thiol-oligonucleotide derivative to oxi 
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86-31 (non- fmoles PHIV-1 PHIV-2 
complementary) target (complementary) (complementary, 

0.2 0.5 8.3 0.85 

0.5 

0.5 0.5 25 0.4 

EXAMPLE 4 

COVALENT ATTACHMENT OF 
BROMOACETYL-OLIGONUCLEOTIDESTO 

BIO-GELTM POLYACRYLAMIDE-SH 

a. Preparation of sulfhydryl derivatives of Bio-gelTM 
supports 
One gram (wet weight) of Bio-GelTM polyacrylamide 

hydrazide beads (500 umoles-NHNH/dry gram) was equili 
brated with 0.5MNaHCO, pH 9.7. To a suspension in 5 ml 
were added 30 mole equivalents (relative to NHNH groups) 
of N-acetylhomocysteine thiolactone, and the mixture was 
shaken at room temperature overnight. The beads were 
washed with 300 ml 0.1M NaCl and stored in TE, pH 8.0, 
or 0.1M KHPO, pH 8.0. The reaction is illustrated in FIG. 
1, reaction B. The level of sulfhydryl substitution was 
determined by titrating with 5,5'-dithiobis(2-nitrobenzoic 
acid) (DTNB) and monitoring the release of 3-carboxylato 
4-nitrothiophenolate at 412 nm. The conversion was found 
to be dependent on the substitution level of hydrazide groups 
in the solid support, as illustrated in Table VI. 



5,478,893 
35 

b. Glutarylation of sulfhydryl-Bio-GelTM polyacrylamide 
beads 
A one-gram sample of sulfhydryl Bio-GelTM polyacryla 

mide was suspended in 20 ml 0.1M NaCl, and two 100-mg 
aliquots of glutaric anhydride were added at 15-minute 
intervals. The pH was maintained near 4.0 with 3M NaOH. 
After a total reaction time of 30 minutes, the beads were 
washed with 0.1M NaCl. Hydrolysis of thioesters was then 
carried out with 10 ml 0.1M Tris-HCl, pH 8.5, for 1 hour at 
room temperature. 

TABLE VI 

REACTION OF HYDRAZIDE SUPPORTS WITH 
N-ACETYLHOMOCYSTEINE LACTONE 

umole 
Type of NHNH/ molar excess % NHNH plmole 
support gn thiol lactone conversion SH/gm 

1 P-2-SH 50 100 3.8 19 
2 P-2-SH 500 30 9.9 49.4 
3 P-10-SH 50 100 7.1 3.6 
4 P-60-SH 50 100 7.6 3.6 
5 P-200-SH 50 100 4.3 2.2 
6 P-200-SH 500 30 4.2 70.3 
-SH 

7 P-200 500 30 15.3 76.3 
-COH 

8 P-300-SH 500 20 0.4 52.2 
-SH 

9 P-300 500 20 0.0 50.2 
-TNPH 
-SH 

10 P-300 500 20 9.2 45.9 
-COH 

Conversion of hydrazide groups in P-200-SH support with glutaric anhy 
dride. 
Conversion of hydrazide groups in P-300-SH support with trinitrophenyl 

sulfonate. 
Conversion of hydrazide groups in P-300-SH supports with glutaric anhy 

dride. 

Further conversion of the remaining hydrazide groups in 
the thiol supports with glutaric anhydride or trinitrobenzene 
sulfonate provided matrices with mixed functionalities (sSH 
and scOOH, or sSH and sTNPH, respectively). No modi 
fication of the thiol groups was observed in these reactions 
(Table VI, compare 6 and 7, and 8-10). The rationale behind 
the syntheses of these mixed supports was to exploit the 
anionic or dipolar properties of the carboxyl or TNPH 
groups in reducing non-specific adsorption of negatively 
charged nucleic acids in hybridization reactions. A family of 
thiol-functionalized polyacrylamide supports, spanning a 
wide range of exclusion volumes, was thus prepared, having 
thiol substitution levels varying from 2-76 umoles per gram 
of material. 

c. Preparation of bromoacetyl derivatives of oligonucle 
otides 

A5'-phosphorylated oligonucleotide in a silanized Eppen 
dorf tube was treated with 300 ul of 0.25M hexanediamine 
HCl, 0.1M methylimidazole, 0.15M EDC, pH 6.0, at room 
temperature for 20 hours. The amine derivative was precipi 
tated twice with EtOH/LiCl and redissolved in 285 ul of 
0.2M HEPES, pH 7.7. A 15-ul aliquot of a 10-mg/ml 
solution of N-succinimidyl bromoacetate in DMF was 
added. After a reaction time of 1 hour, the oligonucleotide 
was precipitated twice with EtOH/LiCl. The reaction is 
illustrated in FIG. 3. The overall phosphate-to-bromoaceta 
mide transformation was estimated to be 60-70% by poly 
acrylamide gel analysis of 'P-labeled products, and sus 
ceptibility to cleavage of the 5'PO, group (unreacted 
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phosphorylated oligonucleotide) by alkaline phosphatase 
treatment. 

d. Covalent attachment of 5'-bromoacetyl-derivatized oli 
gonucleotides to sulfhydryl-Bio-GelTM polyacrylamide 
beads 

Sulfhydryl-Bio-GelTM polyacrylamide support (1 gram 
wet weight) was reduced with 5 ml 20 mM DTT in 0.05M 
KHPO, pH 8.0, for 1 hour, then washed with 2 x 40 ml 
0.05M KHPO, pH 8.0, followed by 2 x 40 ml 0.1M 
triethylammonium phosphate, 1 mM EDTA, pH 9.0. Five 
hundred pmoles of bromoacetyl-derivatized oligonucleotide 
was dissolved in 1 ml TEAP, EDTA, pH 9.0, and added to 
the resin in a 5-ml polypropylene tube. After purging the 
tube with N and sealing with parafilm, the bead sample was 
agitated on a rotary mixer overnight. The beads were washed 
with: (a) 3 x 10 ml 0.1M NaPO, pH 7.5, and (b) 2 x 10 
ml TE, pH 8.0. Unreacted sulfhydryl groups were capped by 
reducing the support with 3 ml 20 mM DTT in 0.05M 
KHPO, pH 8.0, for 30 minutes. After removal of excess 
DTT and equilibration in 0.1M TEAP, 1 mM EDTA, pH 9.0, 
3 ml of 5 mM iodoacetic acid in the same buffer was added 
and allowed to react for 1 hour. After filtration of unreacted 
reagent through a sintered glass funnel (porosity C), the bead 
samples were stored in TE, pH 8.0, at 4° C. 

e. Coupling efficiencies of bromoacetyl oligonucleotides 
to thiol polyacrylamide supports 
The immobilization studies concentrated on P-2, P-200, 

and P-300 matrices, because of their vastly different exclu 
sion volumes. It was hypothesized that the highly cross 
linked P-2 support (MW cut-off 2,000) would have all the 
oligonucleotides attached on the surface, and hence be 
available for capture. The smallpore size would also prevent 
the inclusion of nucleic acids during the hybridization and 
thereby be beneficial in reducing non-specific binding. In 
contrast, the P-200 and P-300 supports (MW cut-off 200,00 
and 300,000) are closer to SephacrylTM dextran (MW cut-off 
20,000,000) in structural features in having large pores in the 
matrix. The results of the coupling reaction (see FIG. 4) of 
these derivatives with 20 these thiol-polyacrylamide sup 
ports are shown in Table VII. 

TABLE VII 

COUPLING YELDS OF TRIOLSUPPORTS 
WITH BROMOACETYLOLIGONUCLEOTDES 

Support (500 umole 
NHNH initial sub- 86-31-CHBr 86-31-PO, % end 
stitution time) % attached % attached attached 

1 P-2-SH 3.5 0.2 94 
2 P-200-SH 28.6 0.5 98 
-SH 

3 P-200 29.3 0.5 98 
-TNPH 

4 P-300-SH 29.9 1.7 94 
-SH 

5 P-300 22 0.5 98 
-COH 

The coupling with the P-2 support proceeded in low 
yields, even though the thiol concentration on the matrix 
greatly exceeded the oligonucleotide concentration in the 
reaction. P-200 and P-300 supports provided satisfactory 
yields and, in contrast to the reverse format, were consis 
tently reproducible. As was noted earlier, the actual yields 
are higher than the values reported, due to the incomplete 
conversion of 5'-phosphorylated oligonucleotides to their 
bromoacetyl derivatives. The other factors to note are: (1) 
additional functionalization of the thiol supports with 
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COOH or TNPH groups does not have a significant effect on 
the attachment efficiencies (entries 2 and 3, and 4 and 5); (2) 
the reaction with bromoacetyl oligonucleotides results in 
end-attachment of the nucleic acid to the support, as evi 
denced by the minimal binding of the phosphorylated oli 
gonucleotide control; (3) a comparison of the reactivity of 
bromoacetyl oligonucleotides with P-200 thiol supports 
indicated that the displacement of bromide by the thiol 
groups on the support was 30% more efficient than addition 
to the 5'-maleimide-derivatized oligonucleotide; and (4) the 
optimum pH for coupling was determined to be pH 9.0; 
higher coupling efficiencies are obtained using triethylam 
monium phosphate as the coupling buffer, compared to 
potassium phosphate. 

f. Hybridization characteristics of thiol supports 
The hybridization of oligonucleotides on polyacrylamide 

thiol supports was tested by direct capture of oligonucleotide 
targets and in a sandwich format with TAS-generated RNA 
transcripts. Two sets of experiments are summarized in 
Table VIII.A., which compares P-2 and P-200 supports with 
SephacrylTM dextran beads. 
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38 
wich hybridization to a 7 kb target fragment (Table VIII.B). 
While the polyacrylamide support was clearly superior to 
SephacrylTM dextran in oligonucleotide capture, it showed 
not only a lower efficiency in sandwich capture of the long 
target, but also an unexpected increase in non-specific 
binding. 
To address the non-specific adsorption problem, the poly 

acrylamide supports (P-200 and P-300) were treated with 
gluteric anhydride and/or iodoacetic acid to convert the 
hydrazide and sulfhydryl functionalities to carboxylic 
groups. The hybridization results with these modified sup 
ports are shown in Table VIII.C. Consistent with other 
observations, the direct capture of oligonucleotides by all of 
the polyacrylamide supports was superior to Sephacryl M 
dextran beads. While similar levels of sandwich capture of 
the TAS transcripts were exhibited by both the polyacryla 
mide and SephacrylTM dextran supports, the problem of 
non-specific adsorption surfaced again for the thiol-based 
supports. Capping the hydrazide and thiol groups on the 
support helped to reduce the background 3- to 5-fold (Table 
VIII.C, entries 2 and 3). 

TABLE VIII 

HYBRIDEZATION STUDIES WITH TRIOLSUPPORTS 

Oligonucleotide (direct 
capture) TAS (sandwich) 7 kb target (sandwich) 

Target 86-32 86-31 Target Target 
(fmoles) (comp) (non-comp) (fmoles) comp non-comp (fmoles) comp non-comp 

A. 86-31. Immobilized Support 

1 P-2-SH 3.75 70.9 0.13 0.5 2.9 1.4 
-NHNH 

2 P-200-SCH-COOH 3.75 91.9 0.35 0.5 8.6 19 
-NHNH 

3 Sephacryl TM 3.75 777 0.25 0.5 12.0 0.85 
dextran beads 

B. 
1 P-200-SH 0.5 82 0.6 0.5 13 1.9 
-NHNH 

2 Sephacryl TM 0.5 61 0.2 0.5 35 0.3 
dextran beads 

- C 
1 P-300-SCHCOH 3.75 88.4 0.56 0.5 24 7 
-NHNH 

2 P-200-SH 3.75 87.8 0.55 0.5 7 4 
-NHNHCOH 

3 P-300-SCHCOH 3.75 745 0.58 0.5 15 2 
-NHNHCO.H 

4 Sephacryl TM 3.75 66.5 0.18 0.5 3 0.6 
dextran beads 

Both types of polyacrylamide supports compared very 
favorably with SephacrylTM dextran beads in showing excel 
lent ability to capture target oligonucleotides and low non 
specific binding. In sandwich hybridizations with TAS prod 
ucts, however, the P-2 support displayed a reduced ability to 
capture target, as well as a high background. Although the 
P-200 support was better than P-2 in sandwich hybridiza 
tions, it suffered in comparison to SephacrylTM dextran 
beads due to its 2-fold higher non-specific binding. This 
feature was again seen in a set of experiments comparing 
SephacrylTM dextran beads with P-200 supports in a sand 
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In direct capture experiments with 3.75 fmoles of target 
oligonucleotide, non-specific binding was observed to be 
2-0.55% for all three types of polyacrylamide supports (Table 
VIII.C, entries 1, 2, and 3). In sandwich hybridizations in 
which 5fmoles of detection oligonucleotide were used, a 5 
to 14-fold increase of non-specific binding was noted. 
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In order to test the premise that the long target was not 
captured as efficiently, and perhaps had a role to play in these 
increase of non-specific binding, direct capture of a labeled 
PCR product by polyacrylamide and SephacrylTM dextran 
beads was investigated. Table IX summarizes the results of 
the experiment. 

TABLE IX 

DIRECT CAPTURE OF PCR-AMPLIFED, 
DOUBLE-STRANDED PRODUCT 

86-3. Comple- Non-comple 
immobilized Target mentary mentary Signal/ 
support (fmole) (% capture) (% capture) noise 

P-300-SH 1 1 . O 
P-300-SH 1 19.5 0.75 26 
-COH 
P-200-SH 1 23 1.7 13.5 
-COH 
Seph- 1 13.5 0.4 33.8 
acryl TM 
dextran beads 1 17.5 0.65 26.9 

1. Average of duplicates of two separate experiments 

As seen in the Table, both carboxylated forms of the 
polyacrylamide supports showed better capture efficiencies 
of the long-stranded DNA target than SephacrylTM dextran 
beads, while the backgrounds were 2- to 3-fold higher than 
SephacrylTM dextran. These results with long target DNA 
closely paralleled the results with oligonucleotide targets 
(Table VIII.C.). Thus, it appears that while the polyacryla 
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The direct capture and background properties of the 

polyacrylamide support were also tested with oligonucle 
otide-alkaline phosphatase conjugates. The supports were 
incubated with complementary oligonucleotide-enzyme 
conjugates for 1 hour and then subjected to the standard 
washes to remove unbound conjugate. Color development 
was allowed to proceed for 1 hour using p-nitrophenyl 
phosphate as substrate, and the release of p-nitrophenolate 
was determined spectrophotometrically. A non-complemen 
tary oligonucleotide-enzyme conjugate was used as a con 
trol. Data from this study are summarized in Table X. 
The following observations can be made from the results. 

Although the capture of oligonucleotides polyacrylamide 
supports are more efficient than SephacrylTM dextran beads 
in the direct capture of oligonucleotides, the average signal 
generated by hydrolysis of the substrate by SephacrylTM 
dextran bead-bound conjugates was 240% higher than 
hydrolysis of the substrate by polyacrylamide support 
bound conjugates. Since, the average of the backgrounds for 
both supports was nearly identical, the difference in hydroly 
sis accounted for the superior signal-to-noise ratio of 
SephacrylTM dextran beads compared to the polyacrylamide 
Supports. 

In order to determine whether the presence of the immo 
bilized oligonucleotide on the support contributed in some 
manner to non-specific binding, oligonucleotide-bound sup 
port was comixed with oligonucleotide-free supportin a 1:9 
w/w ratio. As seen in Table X, entries 3 and 5, no significant 
conclusions can be made from the signal-to-noise ratios. 

TABLE X 

DIRECT CAPTURE OF OLIGONUCLEOTDE-ENZYME CONUGATES 
BY POLYACRYLAMDE SUPPORTS 

86-31 86-32-AP 86-31-AP Signal/ 
Immobilized (comple- (non-comple- noise Average 
Support fmoles mentary) mentary) (SIN) SIN 

1 P-200-SH 35 242 .030 8.5 8.5 
rCOH 

2 P-200-SCHCOH 35 143 006 21.8 14.6 
COH 35 239 031 T4 . 

3 10% P-200-SCHCOH 35 135 002 618 36.47 
COH 35 1T2 O15 10 

4 P-300-SCHCO.H 35 26 019 12 
COH 35 T3 010 15.8 

35 .222 O25 8.5 12.1 
86-3. 86-32-AP 86-31-AP Signai/ 
immobilized (comple- (non-comple- noise Average 
Support fmoles mentary) mentary) (SIN) SIN 

5 10% P-300-SCHCOH 35 .141 009 4.3 
COH 35 190 026 70 10.7 

6 Sephacryl TM- 35 294 013 23.9 19.6 
dextram beads 35 238 O15 15.3 

Absorbances at 410 nm of p-nitrophenolate released from hydrolysis of 2-nitrophenylphosphate 
by support-bound conjugates are reported. The values reported are an average of duplicate 
experiments. Each row represents a different experiment performed with a duplicate set of solid 
supports (50mg). 
Oligonucleotide-immobilized solid support was mixed with polyacrylamide support possessing 
carboxyl functionalities only. 

mide supports can capture long targets as efficiently as (if 
not better than) SephacrylTM dextran beads, there are some 
other, at present unknown, factors involved in sandwich 
hybridizations which contribute to the increase of non 
specific binding. 

g. Hybridization of supports with oligonucleotide-enzyme 
conjugates 
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EXAMPLE 5 

COVALENT ATTACHMENT OF 
BROMOACETYL OLIGONUCLEOTIDESTO 
TRISACRYLTM POLYACRYLAMIDE-SH 

a. Preparation of amine derivatives of TrisacrylTM poly 
acrylamide 
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A 20-ml suspension of TrisacrylTM polyacrylamide 
GF-2000 (IBF, Biotechnics, USA) was pipetted into a sin 
tered glass funnel, washed with 200 ml HO, and sucked dry 
for 10 minutes. The dried sample (s11 grams) was added 
slowly to 20 ml of distilled ethylene diamine equilibrated at 
90° C. in an oil bath. After one hour, the reaction mixture 
was cooled by the addition of 30 ml of crushed ice. Excess 
ethylene diamine was removed by washing the resin with 
400 ml 0.2M NaCl, 0.001M HCl, followed by 500 ml 0.1M 
NaCl in a funnel. Washing was continued until the filtrate 
gave a negative test with TNBS reagent (Example 1d). 

b. Preparation of sulfhydryl derivative of TrisacrylTM 
polyacrylamide 
The TrisacrylTM polyacrylamide-amine support was 

equilibrated with 0.5M NaHCO, pH 9.7, and the volume 
was adjusted to 30 ml in a 50-ml Sarstedt conical tube. Solid 
N-acetyl homocysteine lactone (1 gram) was added, and the 
tube was shaken at room temperature for 2 hours. Then, 
another 1 gram of reagent was added, and the sample was 
shaken overnight. The beads were washed with 500 ml of 
0.1M NaCl, and the sulfhydryl group concentration was 
estimated by titrating with Ellman's reagent (DTNB) 
(Example le). The reaction is illustrated in FIG. 5. 

Titration of the sulfhydryl groups on the TrisacrylTM 
polyacrylamide-SH support indicated a substitution level of 
12.3 umoles-SH per wet gram of resin. 

c. Succinylation of sulfhydryl-TrisacrylTM-polyacryla 
mide 

A 2-gram sample of TrisacrylTM polyacrylamide-SH was 
equilibrated in 20 ml 0.1M NaOAc, pH 6.0, and treated with 
100 mg solid succinic anhydride. After shaking for 30 
minutes, another 100 mg of anhydride was added to the 
suspension and shaken for a further 30 minutes. The beads 
were then equilibrated in 40 ml 0.1M Tris, pH 8.5. After 1 
hour, the support was washed with TE, pH 8.0, and stored at 
4° C. 

d. Covalent attachment of 5'-bromoacetyl-derivatized oli 
gonucleotides to sulfhydryl-TrisacrylTM-polyacrylamide 
The solid support (1 gram) was reduced with DTT fol 

lowing the procedure used for Bio-GelTM polyacrylamide 
beads (Example 2d) and equilibrated in 0.1M TEAP, 1 Mm 
EDTA, pH 9.0. Five hundred pmoles of bromoacetyl-de 
rivatized oligonucleotide dissolved in 1 ml TEAP/EDTA 
were added to the support, and the tube was purged with N 
and sealed. After overnight agitation on a rotary mixer, 100 
moles of iodoacetic acid were added and the mixture was 

left at room temperature for 1 hour. The beads were washed 
with 4 x 20 ml 0.1M NaPO, pH 7.5, followed by 2 x 20 
ml TE, pH 8.0. 
The reaction is illustrated in FIG. 6. The coupling reaction 

with 'P-labeled, bromoacetylated oligonucleotides 
resulted in 12% of the label being attached to the sulfhydryl 
Support, and the level of end-attachment was determined to 
be 97%. The actual coupling yield for this reaction was 
estimated to be approximately 20%, based on a purity of 
60-70% for the bromoacetyl oligonucleotide. Although the 
coupling yield was lower than those obtained with the 
Bio-GelTM polyacrylamide supports (40-45%), the 
TrisacrylTM polyacrylamide-resin still contained a huge 
excess of oligonucleotide molecules relative to the amounts 
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42 
of target (0.5-5 fmoles) used in the hybridization experi 

ents. 

e. Hybridization characteristics of sulfhydryl-TrisacrylTM 
polyacrylamide supports 
The initial hybridization study (Table XI.A) involving 

direct capture of 3.75 fmoles of 'P-labeled target with 
TrisacrylTM polyacrylamide-SH (containing oligo 86-31) 
showed that the non-specific binding of non-complementary 
target was about three times higher than for the SephacrylTM 
dextran beads support (0.42% vs. 0.14%). 

Alkylation of the unreacted sulfhydryl groups on the 
TrisacrylTM polyacrylamide support with iodoacetate 
reduced the non-specific binding by increasing the negative 
charge-density of the matrix. When the alkylated TrisacrylTM 
polyacrylamide support was assayed in a direct capture 
experiment, the non-specific binding dropped considerably 
to 0.15%, which was comparable to that obtained with 
SephacrylTM dextran beads. 
The results from a TAS sandwich experiment (Table 

XI.B) using 0.5 fmoles of target RNA evidence the superi 
ority of TrisacrylTM polyacrylamide over SephacrylTM dex 
tran beads when linked to oligonucleotides as described 
herein. This is demonstrated by the higher percent capture of 
complementary target. The TrisacrylTM polyacrylamide sup 
port also exhibited extremely low non-specific background 
in contrast to the higher background of Bio-GelTM polyacry 
lamide supports, which had been the principal contributor to 
the lower signal/noise ratios in the TAS sandwich format. 

TABLE XI 

HYBRIDIZATION STUDIES WITH 
Trisacryl TM polyacrylamide-SH 

A. Direct Capture (% Oligo Bound) 

Target 86-32 86-31 Signal? 
86-31 Support (fmoles) (Comp.) (Non-Comp) Noise 

Trisacryl TM 375 66.5 0.42 158.3 
polyacrylamide-SH 
Trisacryl TM 375 69.8 0.15 465.3 
polyacrylamide-SH 
(ICHOOH-treated) 
Sephacryl TM 375 54.6 0.14 390.0 
dextran beads 

B.TAB HIV RNA (SANDWICH) CAPTURE 

Target 86-32 86-31 Signal 
86-31 Support (fmoles) (Comp.) (Non-Comp) Noise 

Trisacryl TM 0.5 17.0 0.1 700 
polyacrylamide-SH 
(ICHOOH-treated) 
Sephacryl TM 0.5 12.5 0.9 13.9 
dextran beads 

C. Direct Capture of Oligonucleotide-enzyme Conjugates 

Target 86-32 86-31 Signal/ 
86-31 Support (fmoles) (Comp.) (Non-Comp) Noise 

Trisacryl TM 5 0.79 0.003 6.7 
polyacrylamide-SH 
(ICHOOH-treated) 
Sephacryl TM 5 0.319 0.023 4.4 
dextran beads 

Finally, the TrisacrylTM polyacrylamide support was 
tested with oligonucleotide-alkaline phosphatase conjugates 
to determine the level of direct capture and background 
properties (Table XI.C.). Incubation of complementary and 
non-complementary conjugates with Trisacryl M. polyacry 
lamide and SephacrylTM dextran beads followed by standard 
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washing procedures and a colorimetric assay using p-nitro 
phenyl phosphate was performed with 5 fmoles of conju 
gates. Although the capture of complementary target was 
higher in the case of SephacrylTM dextran beads, the non 
specific binding of the TrisacrylTM polyacrylamide was 
considerably lower, resulting in a 4-fold improvement in 
signal-to-noise compared to SephacrylTM dextran beads. 

EXAMPLE 6 

COWALENT ATTACHMENT OF 
BROMOACETYLOLIGONUCLEOTDESTO 
TRISACRYLTM POLYACRYLAMIDE-SH 

The following oligonucleotide sequences were attached to 
TrisacrylTM polyacrylamide-SH using the same general pro 
cedures as described in Example 5: 
Sequence ID No. 3: 5' AGTCTAGCAGAAGAAGAGG 
TAGTAATTAGA 3" (86-273), 

Sequence ID No. 4: 5' AGTCTAGATTGGTAATAACAA 
CATATT3" (87-083), 

Sequence ID No. 5: 5' AGAACTCAAGACTTCTGG 
GAAGTTC3" (89-419), 

Sequence ID No. 6: 5' AGGATCTGACTTAGAAAT. 
AGGGCAGCA 3" (89-534), 

Sequence ID No. 7: 5' ATGGGTTATGAACTCCATCCT. 
GATAAATGG 3" (89-535), 

Sequence ID No. 8: 5' GTTCCGCCCTTCCTGAAGT. 
GCCC 3' (92-159), and 

Sequence ID No. 9:5' GTTCCGCCCTTCCTGAAGTGC 
CCTTATTG 3’ (92-189). 

EXAMPLE 7 

COMPARISON OF SANDWICH 
HYBRIDIZATION CAPTURE OF RNA 
TRANSCRIPTS ON TRISACRYLTM 

POLYACRYLAMIDE AND SEPHACRYLTM 
DEXTRAN SUPPORTS 

Both TrisacrylTM polyacrylamide and SephacrylTM dext 
ran supports were labeled with oligonucleotides using essen 
tially the same procedures as Example 5. The sandwich 
hybridization of TAS-generated RNA transcripts on the two 
supports were compared. Total RNA was extracted from 
HIV-1-infected CEM cells and a region of the vif gene was 
amplified by the TAS procedure using primers 88-77 and 
86-29. The TAS primer sequences were: 
Sequence ID No. 10: 5' AATTTAATACGACTCACTAT. 
AGGGACACCTAGGGCTAACTATGTGTC 
CTAATAAGG 3" (88-77); and 

Sequence ID No. 11:5' ACACCATATGTATGTTTCAGG 
GAAAGCTA 3" (86-29). 

The TAS products were quantitated by slot-blot comparison 
with known concentration of pARV7A/2 plasmid. The TAS 
products were diluted in TE and sandwich hybridization was 
carried out using 50-1000 attomoles of target and maintain 
ing a 10:1 ration of detection probe to target. The detection 
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probe sequence was 86-31 and the capture sequence on the 
solid supports was 87-83. A non-complementary TAS prod 
uct (50-1000 atomoles) was used to estimate the non 
specific binding and signal to noise was expressed as the 
ration of 'P counts obtained with complementary and 
non-complementary TAS products. The results obtained are 
presented in Table XII. 

TABLE XII 

SANDWICH HYBRDIZATION STUDES 

Signal to Noise 

Trisacryl TM Sephacryl TM 
Target RNA Polyacrylamide Dextra 

(fmole) Support Support 

0.05 9 3 
0.1 15 4. 
0.25 25 6 
0.5 60 7 
1.0 72 11 

As can be seen in Table XII, the TrisacrylTM polyacryla 
mide supports provide a significant improvement in sensi 
tivity as compared to the SephacrylTM dextran supports. 

EXAMPLE 8 

LEVEL OF ATTACHMENT OF 
OLIGONUCLEOTIDE TO TRISACRYLTM 

POLYACRYLAMIDE SUPPORTS 

Using the same procedures as in Example 5, varying 
amounts of bromoacetyl oligonucleotide (92-189) were 
coupled to with a fixed amount (10 g) of TrisacrylTM 
polyacrylamide-SH beads. The amount of oligonucleotide 
attachment was determined by direct capture experiments 
using a labeled oligonucleotide complementary to oligo 
nucleotide 92-189. The following results were obtained: 

TABLE X 

LEVEL OF ATTACHMENT 

Bromoacetyl Oligonucleotide 
Oligonucleotide Attached 
Added (nmoles/g) (nmoles/g) 

0.8 0.052 
1.6 0.08 
3.2 0.156 
6.4 0.96 

Increasing the amount of added reactive carbon center 
derivatized oligonucleotide significantly increases the level 
of attachment to the thiol-derivatized polyacrylamide sup 
port. 

Since modifications will be apparent to those of skill in 
the art, it is intended that this invention be limited only by 
the scope of the appended claims. 

SEQUENCE LISTING 

( 1) GENERAL INFORMATION: 

( i i i ) NUMBER OF SEQUENCES: 11 

( 2) INFORMATION FOR SEQ ID NO:1: 
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-continued 

( i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 31 basc pairs 
(B) TYPE: nuclcic acid 
(C)STRANDEDNESS: single 
(D) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: DNA (genomic) 

( xi ) SEQUENCE DESCRIPTION: SEQID NO:1: 

G CACA CAA GT AGA C C C T GAA CTA G CAGA C C A 3 1 

( 2) INFORMATION FOR SEQID NO:2: 

( i) SEQUENCE CHARACTERISTICS: 
( A LENGTH: 29 basc pairs 
(B) TYPE: nucleic acid 
(C)STRANDEDNESS: singlc 
(D) TOPOLOGY: incar 

( i i ) MOLECULETYPE: DNA (genomic) 

( x i ) SEQUENCE DESCRIPTION: SEQID NO:2: 

AAC CAATAAG AAG AT GAG GC AT AG CAG CA 29 

( 2) INFORMATION FOR SEQED NO:3: 

( i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 30 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(d) TOPOLOGY: linear 

( i i ) MOLECULETYPE: DNA (genomic) 

( x i ) SEQUENCE DESCRIPTION: SEQID NO:3: 

A GT CTAG CAG AAGAA GAG G T A GT AAT TAGA 3 0 

( 2) INFORMATION FOR SEQID NO:4: 

( i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 27 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: lincar 

( i i ) MOLECULETYPE: DNA (genomic) 

( xi ) SEQUENCE DESCRIPTION: SEQID NO:4: 

A GT CT AGATT G G T AATAACA ACATA TT 27 

( 2) INFORMATION FOR SEQID NO;5: 

( i ) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 25 basic pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: lincar 

( i i ) MOLECULETYPE: DNA (gcnomic) 

( x i ) SEQUENCE DESCRIPTION: SEQID NO:5: 

A GAA CT CAAG ACTT CTGG GA A GTTC 25 

( 2) INFORMATION FOR SEQID NO:6: 

( i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 27 base pairs 
(B) TYPE: nuclcic acid 
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-continued 

(C)STRANDEDNESS: single 
(D) TOPOLOGY: linear 

( i i ) MOLECULETYPE: DNA (genomic) 

( xi ) SEQUENCE DESCRIPTION: SEQID NO:6: 

A G GAT CTGA, C T TAGA AAT AG G GCA G CA 

( 2) INFORMATION FOR SEQ ID NO:7: 

( i ) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 30 basc pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: lincar 

( i i ) MOLECULETYPE: DNA (genomic) 

( xi ) SEQUENCE DESCRIPTION: SEOID NO:7: 

A T G G G T A T G AACT C CAT C C T GATAAA T G G 

( 2) INFORMATION FOR SEQID NO:8: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 23 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: lincar 

( i i ) MOLECULETYPE: DNA (genomic) 

( xi ) SEQUENCE DESCRIPTION: SEQID NO:8: 

GTT C C G C C C T T C C T GAA GTG CCC 

( 2) INFORMATION FOR SEQID NO:9: 

( i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH; 29 basc pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS; single 
(D) TOPOLOGY: linear 

( i i ) MOLECULETYPE: DNA (genomic) 

( xi ) SEQUENCE DESCRIPTION: SEQID NO:9: 

GT T C C GCC CT T C CT GAA G T G C C CTTATTG 

( 2) INFORMATION FOR SEQID NO:10: 

( i ). SEQUENCE CHARACTERISTICS: 
( A ) LENGTH:56 base pairs 
(B) TYPE: nucleic acid 
(C)STRANDEDNESS: single 
(D) TOPOLOGY: linear 

( i i ) MOLECULETYPE: DNA (genomic) 

( xi ) SEQUENCE DESCRIPTION: SEQID NO:10: 

AATT TAA TAC GACT CA CTAT AG G GACAC CT 

( 2) INFORMATION FOR SEQ ID NO:11: 

( i ) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 29 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: lincar 

( i i ) MOLECULETYPE: DNA (genomic) 

A. GGG CTA ACT A T G T G T C CTA ATAAG G 

27 

3 O 

2 3 

29 

5 6 
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-continued 

( xi ) SEQUENCE DESCRIPTION: SEQED NO:11: 

A CAC CATA T G T A T G TTT CAG G GAA A G CTA 

That which is claimed is: 
1. A polyacrylamide support to which RNA or DNA 

oligonucleotides are covalently attached via a thioether 
linkage, wherein: 

at least about 60% of the oligonucleotides are linked to the 
polyacrylamide support at the 5'-end of the oligonucle 
otides; 

the polyacrylamide supports include repeating units with 
carboxamide side groups of the formula: 

O 

CH-C-NH-; 

the polyacrylamide support has a molecular weight exclu 
sion limit of greater than about 2000 daltons; and 

the polyacrylamide support with attached oligonucle 
otides is selected from the group consisting of the 
supports of formulae: 

f Y 
CH-C-NH(CH2)NH-C-- . CH-(CH2)-CH2 

-S-CHCNHCH)-M-POLIGOMER. 
O 

O Z W 

CH-C-NH(CH2)NH-C--. CH-(CH2)-CH2 

R 
-S-CHCH2CNH(CH2)-M -ROLIGOMER, 

O 

O Z W 

CH-C-NHCCH)NH-C-- . CH-(CH2)-CH2 

O 

N-A-CNHCH)-M-POLIGOMER, 
-S O 

O 

O O 

CH-C-NHCCH)NH-C-(CH2)-- 
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-continued 

-S-CHCNHCH)-M-POLIGOMER, 
O 

O O 

CH-C-NH(CH2)NH-C-(CH2)4- 

R O O 

mu-S- thCHNHCH), -M- BoLIGOMER, 
d 

and 
O O 

h -NHCH)NH w - . (CH2)- 

N-A-CNH(CH2)-M- foLIGOMER, 
O 

in which: 

M is -NH- or oxygen; 
R is independently hydrogen or an alkyl group containing 

1 to 6 carbon atoms; 
a is 0 or 2 to 20; 
b is 0 or 2 to 20 when M is -NH- or b is 0 to 20; 
c is 1 or 2, 
d is 2 to 6; 
A is a linking group selected from the group consisting of 
-(CHR)-, -CH-, -CHo-, 
-(CHR)CH-, and -CH(CHR)- where m 
is an integer equal to 1 to 20; 

W is hydrogen or -NHC(=O)-R' where R is an alkyl 
group having 1 to 6 carbon atoms; and 

Z is oxygen or NH'. 
2. A polyacrylamide support as defined in claim 1, 

wherein at least about 90% of the oligonucleotides are 
linked to the polyacrylamide support at the 5'-end of the 
oligonucleotides and the polyacrylamide support has a 
molecular weight exclusion limit of greater than about 
400,000 daltons. 

3. A polyacrylamide support as defined in claim 2, 
wherein at least about 95% of the oligonucleotides are 
linked to the polyacrylamide support at the 5'-end of the 
oligonucleotides and the polyacrylamide support has a 
molecular weight exclusion limit of greater than about 
2x10 daltons. 

4. A polyacrylamide support as defined in claim 3, 
wherein the polyacrylamide support with attached oligo 
nucleotides has the formula 
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O z W O O 

O 

wherein c is l; 

M is -NH- or oxygen; ' A is a linking group selected from the group consisting of 
b R9. 2 to 6 then Mis-NH-) and b is 0 to 6 (when -(CHR)-, -CH-, -CHo-, 
c is 1: -(CHR),CH-, and -CH(CHR)- where m 
W is hydrogen or -NHC(=O)-R where R is an alkyl is is an integer equal to 1 to 6 and R is hydrogen or an 

group having 1 to 6 carbon atoms; and alkyl group containing 1 to 6 carbon atoms; 
Z is oxygen. W is hydrogen or -NHC(=O)-R" where R is an alkyl 
5. A polyacrylamide support as defined in claim 3, 

wherein the polyacrylamide support with attached oligo 
nucleotides has the formula Z is oxygen. 

group having 1 to 6 carbon atoms; and 

O 

wherein 30 7. A polyacrylamide support as defined in claim 3, 
M is -NH- or oxygen; wherein the polyacrylamide support with attached oligo 
R is hydrogen or an alkyl group containing 1 to 6 carbon nucleotides has the formula 
atOS, 

a is 0 or 2 to 6; 

O O O O 
I 

O 

b is 0 or 2 to 6 (when Mis-NH-) and b is 0 to 6 (when wherein 
M. -O-); M is -NH- or oxygen; 

C 1s l; 
W is hydrogen or -NHC(=O)-R" where R is an alkyl a is 0 or 2 to 6; 

group having 1 to 6 carbon atoms; and b is 0 or 2 to 6 (when M is -NH-) and b is 0 to 6 (when 
Z is oxygen. M is -O-); and 
6. A polyacrylamide support as defined in claim 3, d is 2 to 6. 

wherein the polyacrylamide support with attached oligo 
nucleotides has the formula 

O 

O O 

O Z w N-A-NHCH)-M-holiGOMER. 
--Nasi- - CH-(CH2)-CH2-S o 

O 

60 

wherein 

M is -NH- or oxygen; 
2 is 0 or 2 to 6; 8. A polyacrylamide support as defined in claim 3, 
b is 0 or 2 to 6 when M is -NH- or b is 0 to 6 (when 65 M is -O-); wherein the polyacrylamide support with attached oligo 

nucleotides has the formula 



O 

S3 
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O 

wherein 

M is -NH- or oxygen; 
R is hydrogen or an alkyl group containing 1 to 6 carbon 

atoms, 
a is 0 or 2 to 6; 
b is 0 or 2 to 6 (when Mis-NH-) and b is 0 to 6 (when 
M is -O-); and 

d is 2 to 6. 
9. A polyacrylamide support as defined in claim 3, 

wherein the polyacrylamide support with attached oligo 
nucleotides has the formula 

O 

O O 

CH-C-NH(CH2)NH-C-- . (CH2)-S 

wherein 

M is -NH- or oxygen; 
a is 0 or 2 to 6; 
b is 0 or 2 to 6 when M is -NH- or b is 0 to 6 when 
M is -O-, 

d is 2 to 6; and 

O 

10. A polyacrylamide support to which RNA or DNA 
0 oligonucleotides are covalently attached via a thioether 

linkage, wherein 
at least about 60% of the oligonucleotides are linked to the 

polyacrylamide support at the 5'-end of the oligonucle 
otides; 

15 

O 

N-A-CNH(CH2)-M- foLIG OMER, 
O 

the polyacrylamide supports include repeating units with 
carboxamide side groups of the formula: 

35 
O 

CH-C-NH-; 

A is a linking group selected from the group consisting of a 
-(CHR)-, -CH-, -CHo-, 
-(CHR).C.Ho-, and -CH(CHR)- where m 
is an integer equal to 1 to 6 and R is hydrogen or an 
alkyl group containing 1 to 6 carbon atoms. 

O O R 

the polyacrylamide support has a molecular weight exclu 
sion limit of greater than about 2000 daltons; and 

the polyacrylamide support with attached oligonucle 
otides is selected from the group consisting of the 
formulae: 

W Z. O 

CH-C-NH(CH2)NH-CCH2-S-CH2(CH2CH--. CNHCH)-M-POLIGOMER, 
O 

O O 

CH-C-NH(CH2)NH-CCH2-S-(CH2)4-C-NH(CH2)-M- foLIGOMER, 
O 

O 

CH-C-NHCCH2)NH-CCH2-S-(CH2)-M- foLIGOMER. 
O 

W Z. O 
I 

CH-C-NH(CH2)NH-CCH2-CH-S-CH2(CH2)CH--. CNHCCH)-M- foLIGOMER. 
O 
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-continued 
O O R O 

O O R O 
I 

O 

O W Z 

O O 

CH-C-NH-CH2)NHC-A-N 

CH-C-NH(CH2)NH-CCH2CH-S-(CH2)-M- foLIGOMER, 

56 

O 

CH-C-NH(CH2)NH-CCH2-CH-S-(CH2)4-C-NH(CH2)-M -POLIGOMER. 
O 

O 

S-CH2(CH2)CH--. CNHCCH2)-M- foLIGOMER, 
O 

O 

O 

O 

O 

S-(CH2)4-C-NH(CH2)-M- foLIGOMER, 

O 

and 

O 

S-(CH2)e-M- foLIGOMER, 
CH-C-NH(CH2)NHC-A-N O 

O 

35 

wherein 

M is -NH- or oxygen; 
R is independently hydrogen or an alkyl group containing 

1 to 6 carbon atoms; 40 
a is 0 or 2 to 20; 
b is 0 or 2 to 20 when M is -NH- or b is 0 to 20 when 
M is -O-; 

c is 1 or 2; 45 
d is 2 to 6; 
e is 2 to 20; 

O O 

A is a linking group selected from the group consisting of 
-(CHR)-, -CH-, -CHo-, 
-(CHR)CHo-, and -CH(CHR)- where m 
is an integer equal to 1 to 20; 

W is hydrogen or -NHC(=O)-R' where R is an alkyl 
group having 1 to 6 carbon atoms; and 

Z is oxygen or NH". 
11. A polyacrylamide support as defined in claim 10, 

wherein at least about 90% of the oligonucleotides are 65 
linked to the polyacrylamide support at the 5'-end of the 
oligonucleotides and the polyacrylamide support has a 

60 

molecular weight exclusion limit of greater than about 
400,000 daltons. 

12. A polyacrylamide support as defined in claim 11, 
wherein at least about 95% of the oligonucleotides are 
linked to the polyacrylamide support at the 5'-end of the 
oligonucleotides and the polyacrylamide support has a 
molecular weight exclusion limit of greater than about 
2x10 daltons. 

13. A polyacrylamide support as defined in claim 12, 
wherein the polyacrylamide support with attached oligo 
nucleotides has the formula 

W Z. O 
I 

CH-C-NH(CH2)NH-CCH2-S-CH2(CH2)CH--. CNHCCH2)-M-P-OLIGOMER, 

O 

wherein 

M is -NH- or oxygen; 
a is 0 or 2 to 6; 
b is 0 or 2 to 6 (when M is -NH-) and b is 0 to 6 (when 
M is -O-); 

c is 1; 
W is hydrogen or -NHC(=O)-R" where R' is an alkyl 

group having 1 to 6 carbon atoms; and 
Z is oxygen. 
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14. A polyacrylamide support as defined in claim 12, 17. A polyacrylamide support as defined in claim 12, 
wherein the polyacrylamide support with attached oligo- wherein the polyacrylamide support with attached oligo 
nucleotides has the formula nucleotides has the formula 

O 

wherein 
M is -NH- or oxygen; 
a is 0 or 2 to 6; 
b is 0 or 2 to 6 (when Mis-NH-) and b is 0 to 6 (when 
M is -O-); and 

d is 2 to 6. 
15. A polyacrylamide support as defined in claim 12, 

wherein the polyacrylamide support with attached oligo- 20 
nucleotides has the formula 

15 

CH-C-NH(CH2)NH-CCH2-S-(CH2)-M-P-OLIGOMER, 

O 

wherein 30 

M is -NH- or oxygen; 
a is 0 or 2 to 6; and 
e is 2 to 6. 
16. A polyacrylamide support as defined in claim 12, 35 

wherein the polyacrylamide support with attached oligo 
nucleotides has the formula 

R 
fi-c-Nichon- CCH2-CH-S-CH3(CH2)CH-. CNH(CH2)-M-P-OLIGOMER, 

O 

45 

wherein 

CH-e-NHCH,)-NH-6CH-CH-S-(CH2)4-e-NH(CH2)4-M-P-OLIGOMER, 
b 

55 
M is -NH- or oxygen; wherein 
R is hydrogen or an alkyl group containing 1 to 6 carbon M is -NH- or oxygen; 

atoms, R is hydrogen or an alkyl group containing 1 to 6 carbon 
a is 0 or 2 to 6; atoms; 

60 a is 0 or 2 to 6: b is 0 or 2 to 6 (when M is -NH-) and b is 0 to 6 (when y 
M is -O-); b is 0 or 2 to 6 (when Mis-NH-) and b is 0 to 6 (when 

c is 1: M is -O-); and 
9 d is 2 to 6. 

Wis hydrogen or -NHC(=O)-R where R is an alkyl is 18. A polyacrylamide support as defined in claim 12, 
group having 1 to 6 carbon atoms; and wherein the polyacrylamide support with attached oligo 

Z is oxygen. nucleotides has the formula 
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( in-e-Nician-ch-th-s-cha-u-Foligor. 
O 

wherein A is a linking group selected from the group consisting of 
M is -NH- or oxygen; 10 -(CHR)-, -CHA-, -CHo-, 
R is hydrogen or an alkyl group containing 1 to 6 carbon -(CHR)CH-, and -CH(CHR) - where m 
atoms; is an integer equal to 1 to 6 and R is hydrogen or an 

a. is g O : to 6; and alkyl group containing 1 to 6 carbon atoms. 
e 1S 2 to 6. 15 
19. A polyacrylamide support as defined in claim 12, 21. A polyacrylamide support aS defined 1. claim 12, 

wherein the polyacrylamide support with attached oligo- wherein the polyacrylamide support with attached oligo 
nucleotides has the formula nucleotides has the formula 

O Y 
S-CHCH2CH-CNHCH)-M-POLIGOMER, 

CH-C-NH(CH2)NHC-A-N O 

O 

wherein 30 

M is -NH- or oxygen; 
a is 0 or 2 to 6; 
b is 0 or 2 to 6 when M is -NH- or b is 0 to 6 when 
M is -O-; 

c is 1; 35 
A is a linking group selected from the group consisting of 
-(CHR)-, -CHA-, -CHo-, 
-(CHR)CHo-, and -CH(CHR)- where m 
is an integer equal to 1 to 6 and R is hydrogen or an 
alkyl group containing 1 to 6 carbon atoms; 

W is hydrogen or -NHC(=O)-R' where R is an alkyl 
group having 1 to 6 carbon atoms; and 

Z is oxygen. 
20. A polyacrylamide support as defined in claim 12, 45 

wherein the polyacrylamide support with attached oligo 
nucleotides has the formula 

O 

s s-CH-)-c-NHCH)-M-POLIGOMER, 
CH-C-NH(CH2)NHC-A-N O 

wherein 60 

M is -NH- or oxygen; 
a is 0 or 2 to 6; 
b is 0 or 2 to 6 when M is -NH- or b is 0 to 6 (when 
M is -O-); 

d is 2 to 6; and 

65 
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O O 

O O 

O 

wherein 
M is -NH- or oxygen; 
a is 0 or 2 to 6; 
e is 2 to 6; and 
A is a linking group selected from -(CHR)-, 
-CH-, -CHo-, -(CHR).C.Ho-, or 
-CH(CHR) - where m is an integer equal to 1 to 
6 and R is hydrogen or an alkyl group containing 1 to 
6 carbon atoms. 

22. A process for preparation of polyacrylamide supports, 
comprising: 

coupling thiol-derivatized oligonucleotides to polyacry 
lamide supports in which at least a portion of the amide 
groups have been converted into bromoacetyl groups 
prior to the coupling, wherein: 

the polyacrylamide supports include repeating units with 
carboxamide side groups of the formula: 

O 

CH-C-NH-; 

10 

15 

20 

25 

30 

62 

S-(CH2)-M- foLIGOMER. 

and the polyacrylamide supports have a molecular weight 
exclusion limit of at least about 2x10 daltons; 

the coupling is effected under conditions whereby at least 
about 95% of attached oligonucleotides are covalently 
attached to the bromoacetyl groups of the support via a 
thioether linkage at their 5' ends; 

prior to the coupling, the amide groups of the polyacry 
lamide supports are first modified with hydrazine and at 
least about 4% of the resulting hydrazide functional 
groups are converted into bromoacetyl groups; and 

at least a portion of the residual hydrazide functional 
groups are converted into carboxyl groups by treating 
the bromoacetyl-derivatized supports with an excess of 
a carboxylating agent. 
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shown below: 

in the EXAMPLES, EXAMPLE 4, column 36, line 39, between "with" and 
"these", delete "2O."; 

in the EXAMPLES, TABLE VII, column 36, line 43, between "OF" and 
"SUPPORTS", change "TRIOL" to - THIOL-; 

in the EXAMPLES, EXAMPLE 4, column 38, line 11, before "anhydride", 
change "gluteric" to -glutaric-, 
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"SUPPORTS", change "TRIOL" to - THOL-; 

in the EXAMPLES, TABLE X, column 40, line 48, between the line beginning 
"~COH" and the line beginning "35", delete the line; 
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in Claim 1, column 50, line 46, between "-(CHR)," and "-CH," change 
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"wherein 

M is -NH- or oxygen; 
b is O or 2 to 6 (when M is -NH-) or b is O to 6 (when M is -O-);" 

M is -NH- or oxygen; 
b is 0 or 2 to 6 when M is -NH- or b is O to 6 when M is -O-;- 

In Claim 6, column 51, line 49, after "polyacrylamide support", change "as 
defined in claim 3" to - of claim 3-, 

in Claim 6, column 51, line 60 to 66, change 
"wherein 

M is -NH- or oxygen; 
a is O or 2 to 6; 
b is O or 2 to 6 when M is -NH- or b is O to 6 (when M is -O-);" 
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defined in claim 3" to - of claim 3-; 

in Claim 7, column 52, lines 44 to 49, change 
"wherein 
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a is O or 2 to 6; 
b is O or 2 to 6 (when M is -NH-) or b is O to 6 (when M is -O-);" 
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- M is -NH- or oxygen; 
a is O or 2 to 6; 
b is O or 2 to 6 when M is -NH- or b is O to 6 when M is -O-, - 

ln Claim 8, column 52, lines 64, after "polyacrylamide support", change "as 
defined in claim 3" to - of claim 3-; 

in Claim 8, column 53, lines 8 to 15, change 
"wherein 

M is -NH- or oxygen; 
R is hydrogen or an alkyl group containing 1 to 6 carbon atoms; 
a is O or 2 to 6; 
b is O or 2 to 6 (when M is -NH-) and b is O to 6 (when M is -O-); and" 

tO 

o M is -NH- or oxygen; 
R is hydrogen or an alkyl group containing 1 to 6 carbon atoms; 
a is O or 2 to 6; 
b is O or 2 to 6 when M is -NH- or b is O to 6 when M is -O-, and 
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IN THE CLAMS 

in Claim 13, column 56, line 45, after "polyacrylamide support", change "as 
defined in claim 12" to -of claim 12-; 

in Claim 13, column 56, lines 57 to 62, change 
"wherein 

tO 

M is -NH- or oxygen; 
a is O or 2 to 6; 
b is O or 2 to 6 (when M is -NH-) and b is O to 6 (when M is -O-);" 

M is -NH- or oxygen; 
a is O or 2 to 6; 
b is O or 2 to 6 when M is -NH- or b is O to 6 when M is -O-, - 

in Claim 14, column 57, line 1, after "polyacrylamide support", change "as 
defined in claim 12" to - of claim 12-; 

in Claim 14, column 57, lines 13 to 17, change 
"wherein 

tO 

M is -NH- or oxygen; 
a is O or 2 to 6; 
b is O or 2 to 6 (when M is -NH-) and b is O to 6 (when M is -O-); and" 

M is -NH- or oxygen; 
a is O or 2 to 6; 
b is O or 2 to 6 when M is -NH- or b is O to 6 when M is -O-; and - 

in Claim 16, column 57, line 35, after "polyacrylamide support", change "as 
defined in claim 12" to - of claim 12-; 
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M is -NH- or oxygen; 
R is hydrogen or an alkyl group containing 1 to 6 carbon atoms; 
a is O or 2 to 6; 
b is O or 2 to 6 (when M is -NH-) and b is O to 6 (when M is -O-);" 

tO 

ara- M is -NH- or oxygen; 
a is O or 2 to 6; 
R is hydrogen or an alkyl group containing 1 to 6 carbon atoms; 
b is O or 2 to 6 when M is -NH- or b is O to 6 when M is -O-, - 

in Claim 17, column 58, line 1, after "polyacrylamide support", change "as 
defined in claim 12" to - of claim 12-; 

in Claim 17, column 58, lines 56 to 63, change 
"wherein 

M is -NH- or oxygen; 
R is hydrogen or an alkyl group containing 1 to 6 carbon atoms; 
a is O or 2 to 6; 
b is O or 2 to 6 (when M is -NH-) and b is O to 6 (when M is -O-); and" 

tO 

W M is -NH- or oxygen; 
R is hydrogen or an alkyl group containing 1 to 6 carbon atoms; 
a is O or 2 to 6; 
b is O or 2 to 6 when M is -NH- or b is O to 6 when M is -O-; and - 
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IN THE CLAMS (continued): 

in Claim 20, column 59, line 45, after "polyacrylamide support", change "as 
defined in claim 12" to - of claim 12-; and 

in Claim 20, column 59, lines 60 to 65, change 
"wherein 

M is -NH- or oxygen; 
a is O or 2 to 6; 
b is O or 2 to 6 (when M is -NH-) and b is O to 6 (when M is -O-);" 

tO 

M is -NH- or oxygen; 
a is O or 2 to 6; 
b is O or 2 to 6 when M is -NH- or b is O to 6 when M is -O-, -. 
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in claim 2, Column 50, line 53, replace "as defined in" with -of-; 
in claim 3, Column 50, line 59, replace "as defined in" with -of-; 
in claim 5, Column 51, line 17, replace "as defined in" with -of 
in claim 5, column 51, lines 29 to 44, replace 

"wherein 
M is -NH- or oxygen; 
R is hydrogen or an alkyl group containing 1 to 6 carbon atoms; 
a is O or 2 to 6; 
b is O or 2 to 6 (when M is -NH-) and b is O to 6 (when M is -O-);" 
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-M is -NH- or oxygen; 
R is hydrogen or an alkyl group containing 1 to 6 carbon atoms; 
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b is O or 2 to 6 when M is -NH- or b is O to 6 when M is -o-;- 
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